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SUMMARY  OF  THE  CONTROLLING  FACTORS  OF 
ARTESIAN  FLOWS. 


By  Myron  L.  Fuller. 


INTRODUCTION. 

Every  text-book  on  geolog}'^  and  every  treatise  on  hydraulics  or 
hydrology  discusses  the  occurrence  of  artesian  waters.  Unfortunately, 
however,  only  the  more  simple  conditions  are  usually  considered. 
The  principle  expressed  by  the  widely  prevalent  maxim,  "  w  ater 
seeks  its  own  level,"  is  readily  grasped  by  every  one,  but  it  does  not 
explain  all  of  the  features  of  artesian  flows.  That  nature  does  not 
always  do  its  work  in  the  simplest  way  is  recognized  in  all  sciences, 
fn  n'one  more  generally  recognized  than  in  geology  or  hydrology. 
The  ideal  conditions  shown  in  the  text-books  and  treatises  are  often 
absent;  while,  on  the  other  hand,  flows  occur  under  a  great  variety 
of  conditions  not  commonly  recognized  and  rarely  described.  The 
ever-present  basin  of  popular  discussions  does  not  even  predominate 
among  the  many  types  of  artesian  systems  encountered  in  the  field, 
and  even  the  sloping  bed  is  not  essential.  On  the  other  hand,  fissures 
and  solution  passages  play  very  important  parts,  even  in  stratified 
rocks. 

For  these  reasons  and  because  of  the  present  activity  in  artesian 
investigations,  but  more  especially  because  of  the  notable  change  in 
the  use  of  the  term  '*  artesian  "  since  the  publication  in  1885  of  the 
admirable  paper  of  Prof.  T.  C.  Chamberlin  on  the  "  Requisite  and 
qualifying  conditions  of  artesian  w^ells,"  *  it  has  seemed  desirable  to 
point  out  certain  needed  modifications  to  the  postulated  requisites  of 
flow\  No  attempt  at  exhaustive  treatment  is  made,  the  aim  being 
simply  to  call  attention  to  a  few  of  the  commonly  neglected  elements 
of  the  problem. 

In  view  of  the  number  of  different  senses  in  which  the  term 
artesian  has  been  used  in  the  past  it  will  not  be  out  of  place  to  state 
that  in  the  present  paper  the  term  is  applied  in  the  sense  adopted 
by  the   United   States   Geological   Survey   after   consultation   with 

•  Fifth  Ann.  Kept.  U.  S.  Geol.  Survey,  1885,  pp.  125-178. 
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8  CONTROLLING    FACTORS    OF    ARTESIAN    FLOWS. 

leading  geologists  of  the  country,  namely,  to  designate  the  hydrostatic 
principle  by  which  confined  waters  tend  to  rise  in  virtue  of  the 
pressure  of  the  overlying  wliter  column,  whether  or  not  this  pressure 
is  sufficient  to  lift  the  water  to  the  surfa(*e  and  produce  a  flow.* 

UNDKRGROUXn    ('OXDITIOXH. 

Preliminary  to  the  discussion  of  the  essential  factors  of  artesian 
flow,  a  resume  of  the  geologic  conditions  atiecting  artesian  waters  is 
desirable.  The  following  paragraphs  present  souk^  of  the  factors 
l>earing  on  the  occurrence  and  movements  of  such  waters. 

UNDERGROUND  RESERVOIRS. 

TVPKS. 

By  "  underground  reservoir ''  is  meant  the  opening  or  system  of 
openings  in  which  underground  water  is  contained..  It  is  needless  to 
say  that,  except  an  occasional  cavern  of  very  limited  extent,  such 
reservoirs  bear  no  relation  to  open  basins  of  the  surface  type,  but  are 
most  of  them  rock  strata  or  mass<»s  in  which  the  only  oi>enings  are 
spaces  between  the  grains  or  along  lines  of  solution  or  of  jointing, 
cleavage,  bedding,  or  other  structure  planes  or  fissures^  Among  the 
various  types  of  reservoirs  the  following  are  the  most  important 
water  producers : 

Typi'H  of  fin(]i'r(/i'(nni(J  /'(  s(  rrfjir.s. 

I.  OrlKinal  forms. 

A.  Original  pores. 
H.  Laniinntion  pianos. 
V.  lieildiiij:   planes. 
1).  Vosk'los    (in   ijnioous  nK'ks  only). 
II.  StKondary   forms. 

A.  Secondary  i»ores. 

1.  I'ores  resnltln;:  from   leachin;:  and  sc^lntion. 

2.  Pores  resnltinj:  from   rtK-rystallization. 

B.  Solntion  openinjrs. 

1.  Isolated  cavities. 

2.  Tnbnlar  eliannrls. 

3.  Sheet   ujienin^'s. 

C.  Mechanically  eroded  reservoirs. 

1.  Tnbnlar  ehainiels. 

2.  Pocket  oi)enin^'s. 
.*?.  Sheet   openings. 

D.  Fracture   openings. 

1.  Irregular   ojienin^s. 

a.  Desiccation  cracks. 

b.  Contraction  fissures. 


"  rull.T.  M.  L..  Sii:niri(:»ii<-.'  (»f  tlu'  l.*rin  ••  jut.'siaii  :"  Water  Sup.  and  Irr.  Pap^r  No.  ICiO, 
U.  S.  <Jrol.  Suivt'y,  llMJlJ.  pp.  9-1."*. 
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II.  Secondary  forms — Continiieil. 

D.  Fracture  openings — Coutinned. 

1.  Irregular  openings — Continued. 

c.  Torsion  fractures. 

d.  Shearing  breaks. 

e.  Vibration  fractures. 

f.  Explosion  ruptures. 

2.  Joints. 

a.  Vertical  Joints. 

b.  Horizontal  joints. 

c.  Parallel  joints. 

d.  Intersecting  joints. 

e.  Joint  breccias. 

3.  Faults. 

a.  Single  fault  planes. 

b.  I*arallel  fault  i)lanes. 

c.  IrregjLilar  faults. 

d.  Intersecting  faults. 

e.  Fault  breccias. 

4.  Vein  contacts. 

5.  Igneous  contacts. 

6.  Shearing  planes. 

E.  Cleavage  planes. 

F.  Foliation  and  schistosity  planes. 

Most  of  the  forms  enumerated  are  not  limited  to  any  particular 
class  of  rock,  but  may  be  found  in  the  stratified,  metamorphic,  and 
igneous  types.  The  vesicles  of  igneous  rocks,  however,  have  no  exact 
counterpart  in  stratified  rocks,  although  the  pores  containing  in- 
cluded water  of  sedimentation  approach  them  in  nature.  Solution 
channels  are  likewise  usually,  although  not  necessarily,  found  only 
in  sedimentary  rocks;  foliation  and  schistosity  are  mainly  features  of 
igneous  or  metamorphic  rocks,  while  lamination,  as  the  term  is  here 
used,  is  a  feature  of  stratified  rocks. 

ORIGINAL   FORMS. 

Original  pores, — The  original  pores  include  both  the  pores  of  the 
primary  rocks  and  the  unfilled  spaces  between  the  fragments  or  grains 
of  the  fragmental  and  other  secondary  rocks,  including  till,  sand,  and 
gi'avel;  sandstone  and  conglomerate;  oolite,  shell  limestones,  chalk, 
etc.  The  minute  pores  in  clays,  as  well  as  the  intercrystal  spaces  re- 
sulting from  the  contraction  and  adjustment  incident  to  the  cooling 
of  igneous  rocks,  belong  in  this  class,  although  these  are  usually  far 
less  important  than  the  macroscopic  pores  of  the  coarser  sedimentary 
rocks.  The  original  pores  rank  first  in  water-bearing  capacity,  char- 
acterizing all  of  the  best-known  types  of  water  beds. 

Lamination  planes. — Lamination  planes,  or  the  crowded  partings 
which  separate  certain  of  the  finer  stratified  rocks  into  numberless 
thin  sheets  or  lamina*  parallel  to  the  bedding,  are  of  considerable  im- 
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portance.  Many  shales,  especially  where  the  partings  have  been 
somewhat  opened  by  the  weather  near  the  surface,  carry  larg-* 
amounts  of  water  in  such  planes.  The  general  exudation  of  water 
from  laminated  beds,  such  as  often  occurs  throughout  a  considerable 
vertical  range  where  the  layers  are  exposed  in  cliffs  or  in  the  artificial 
faces  of  quarries,  is  familiar  to  everyone. 

Bedding  planes, — Bedding  planes,  or  the  partings  between  indi- 
vidual layers  or  beds  of  the  same  or  different  classes  of  rock,  often 
carry  large  amounts  of  water.  This  is  in  part  due  to  the  fact  that  the 
adhesion  along  such  planes  is  less  than  that  in  a  mass  of  homogeneous 
material,  a  condition  which  results  largely  from  the  imperfect  con- 
tact due  to  variations  of  material,  changes  in  texture,  variations  in 
arrangement,  etc.,  which  have  resulted  from  changes  o^  halts  in  depo- 
sition. This  lack  of  adhesion  makes  the  bedding  planes  more  readily 
available  for  the  passage  of  water  than  the  body  of  the  rock.  Differ- 
ence in  permeability  of  the  overlying  and  underlying  layers  is  also 
a  leading  factor  in  the  concentration  of  water  along  the  bedding 
planes,  making  the  latter,  next  to  the  original  pores,  the  most  impor- 
tant water  containers.  This  is  especially  true  where  the  planes  have 
been  somewhat  widened  by  subsequent  solution  admitting  the  free 
passage  of  water,  as  shown  in  PI.  I,  A, 

Vesicles, — Vesicles,  or  cavities  resulting  from  the  expansion  of 
steam  in  cooling  lavas,  form  a  distinct  although  not  a  common  type 
of  reservoir.  Usually  the  vesicles  are  very  imperfectly  connected,  but 
in  some  of  the  Newark  lavas,  such  as  have  been  described  by  B.  K. 
Emerson  and  others,  the  vesicular  portions  of  the  trap  seem  to  form 
a  definite  water  horizon.  The  same  is  doubtless  true  of  many  other 
scoriaceous  lavas,  both  those  occurring  on  the  surface  and  those 
buried  beneath  subsequent  deposits.  The  possibility  of  a  general  water 
movement  through  such  materials  is  shown  by  their  secondary  min- 
eralization, seen  in  both  mines  and  surface  exposures.  The  almost 
universal  mineralization  of  the  upper  vesicular  portions  of  the  cop- 
per-bearing traps — the  amgydaloids — of  Keeweenaw  Point,  Lake 
Superior,  is  a  particularly  good  illustration  of  deep-seated  movements 
in  such  zones. 

In  the  same  class  with  the  vesicles,  though  of  different  origin,  may 
be  placed  the  cavities  due  to  contraction  of  igneous  magmas  on  cool- 
ing, especially  magmas  of  the  acid  type.  Original,  crystal-lined 
openings  up  to  3  feet  in  diameter  have  been  noted  by  the  writer  in 
the  pegmatites  of  New  Hampshire,  and  minute  cavities  exist  in  many 
other  rocks.  While  rarely  important  as  containers  of  water,  they  are, 
nevertheless,  of  sufficiently  common  occurrence  to  necessitate  their 
inclusion  with  the  other  possible  reservoirs. 
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UNDERGROUND    CONDITIONS.  11 

SECONDARY   1\)RMS. 

Secondary  pores, — By  secondary  pores  are  meant  those  minute 
spaces — too  small  to  be  designated  as  openings  or  cavities — which 
have  resulted  from  the  processes  of  weathering,  solution,  recrystal- 
lization,  etc.  Many  of  these  are  of  much  importance.  The  dolomi- 
tized  portion  of  the  Trenton  limestone  in  parts  of  Ohio  and  Indiana, 
for  instance,  is  sufficiently  porous  to  carry  considerable  volumes  of 
water;  the  original  cement  has  been  removed  from  calcareous  sand- 
stones in  many  areas,  leaving  them  open  and  porous;  soluble  miner- 
als, such  as  pyrite  and  calcite,  are  here  and  there  leached  from  their 
relatively  insoluble  matrix,  leaving  notable  open  spaces;  and  the 
grains  of  crystalline  rocks  become  so  loosened  by  weathering  for  a 
depth  of  many  feet  that  the  material  absorbs  water  almost  like  a 
sponge.  It  is  doubtless  through  the  formation  of  secondary  pores 
that  circulation  is  established  along  many  of  the  lamination  and  bed- 
ding planes,  leading  eventually  to  the  formation  of  open  solution 
passages. 

Solution  openings. — These  are  among  the  most  important  of  the 
secondary  reservoirs  and,  as  their  name  implies,  are  formed  by  the 
solvent  action  of  percolating  waters.  They  may  be  divided  for  con- 
venience into  (1)  isolated  irregular  or  roughly  spherical  reservoirs 
and  (2)  elongated  passages  or  channels  of  tubular  or  sheet  form. 

The  first  of  these  types,  at  least  where  not  connected  with  other 
passages,  seems  to  be  of  rare  occurrence.  Many  geodes,  however, 
showing  horizontally  banded  fillings,  occur  in  the  body  of  limestones 
without  connection  with  recognizable  openings  through  which  the 
mineralized  solutions  could  have  entered,  the  spaces  apparently  being 
first  dissolved  and  then  gradually  filled  by  water  entering  through 
the  pores  of  the  body  of  the  rock.  It  is  not  impossible  that  some  of 
the  ore  pockets  in  certain  limestones  may  be  of  this  origin,  although 
by  far  the  greater  part  of  these  seem  to  be  direct  replacements. 

Of  the  elongated  passages  or  channels,  the  ordinary  caves  are  the 
best  examples  (PI.  II,  B),  Some  of  them  are  of  great  length,  a 
single  passage  in  the  Mammoth  Cave  of  Kentucky  being  over  8  miles 
long.  Many  such  passages  are  20  feet  high ;  a  few  are  as  high  as  75 
feet;  and  some  are  as  much  as  50  to  150  feet  wide.  Some  of  the 
chambers  which  have  been  penetrated  by  mining  shafts  have  shown 
hardly  a  trace  of  the  openings  through  which  the  water  entered  or 
passed  out,  the  openings  simulating  on  a  large  scale  the  geode  cavi- 
ties described.  The  great  vertical  wells  of  the  Mammoth  and  other 
caves,  having  diameters  of  10  feet  or  more  and  depths  of  more  than 
200  feet,  and  the  similar  "  natural  wells  "  of  Florida  and  elsewhere 
also  belong  to  this  class. 
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Many  of  the  channels  of  this  type  have  resulted  from  the  enlarge- 
ment of  joints,  the  action  being  especially  marked  near  the  intersec- 
tion of  two  or  more  planes,  the  great  irregularity  of  some  of  the 
openings  being  accounted  for  by  the  complexity  of  the  joint  or 
fracture  systems.  This  appears  to  l>e  the  case  in  the  Joplin  zinc 
district.  Elsewhere,  however,  many  of  the  largest  passages  follow 
bedding  planes  without  reference  to  jointing,  apparently  having  de- 
veloped from  one  of  the  many  meandering  and  branching  passages 
that  characterize  such  planes  at  many  points.  A  view  showing  a  net- 
work of  small  channels  on  one  of  these  bedding  planes  is  reproduced 
as  PI.  I,  B,  The  small  channels  are  gradually  enlarged  and  tend  to 
coalesce  and  form  a  single  large  channel  which,  by  continued  solution, 
is  gradually  widened  until  a  cave  results.  A  few  small  tubular  chan- 
nels that  pass  diagonally  through  the  rock  without  apparent  connec- 
tion with  joints  or  bedding  planes  have  been  noted.  The  determining 
causes  of  such  passages  are  not  known,  but  it  seems  certain  they 
represent  simply  the  enlargements  of  some  preexisting  line  of  easy 
water  movement. 

The  sheet  form  of  solution  passage  is  the  first  stage  in  the  enlarge- 
ment of  joints,  faults,  or  other  planes.  The  secondary  pores  first 
formed  eventually  unite  into  an  exceedingly  narrow  sheet-like  open- 
ing. In  crystalline  and  other  insoluble  rocks  these  may  persist 
indefinitely,  but  in  limestones  differential  solution  soon  develops  the 
characteristic  irregular  cavities. 

Mechanically  formed  reaerinnrs, — These  include  (1)  irregular,  but 
usually  more  or  less  tubular  passages,  many  of  which  are  followed 
by  waters,  in  clay,  till,  and  similar  materials,  and  (2)  certain  of 
the  water-bearing  gravel  pockets.  The  former  may  frequently  be 
examined  in  detail  where  springs  emerge  from  bluffs.  In  general 
they  are  from  1  to  4  inches  in  diameter,  although  larger  ones  doubt- 
less occur,  and  are  probably  of  considerable  length.  Their  manner 
of  formation  is  very  similar  to  that  of  the  limestone  passages,  except 
that  the  action  is  mechanical  instead  of  chemical.  The  water  finds 
its  way  along  some  bedding,  joint,  or  other  plane,  gradually  picking 
up  and  carrying  away,  particle  by  particle,  the  fine  material  with 
which  it  comes  in  contact  until  an  open  passage  finally  residts. 

Allied  to  these  passages  in  manner  of  formation  are  the  gravel 
pockets  in  till.  Flowing  wells  from  tills  have  been  known  to  bring 
up  cartload  after  cartload  of  clay  and  fine  sand,  until  the  original 
mixture  of  clay  and  pebbles  about  the  well  has  given  place  to  a  loose 
and  open  gravel.  Similar  pockets  appear  to  have  been  formed  in 
many  places  by  natural  circulation,  where  springs  have  broken 
through  till  deposits,  and  extensive  layers  of  gravel  are  believed  to 
have  been  produced  where  general  movements  have  occurred  along 
lamination  partings  within  the  till. 
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UNDERGROUND   CONDITIONS.  13 

Fracture  openings. — Under  this  head  are  included  a  number  of 
openings  of  varying  character,  due  to  a  wide  range  of  causes.  Joints 
and  irregular  fissures  are  the  most  common  types  and  may  be  classed — 
according  to  the  presence  or  absence  of  movement  of  the  walls — as 
simple  or  fault  openings. 

The  immediate  cause  of  all  such  openings  is  pix)bably  local  tension, 
although  compression  is  frequently  the  indirect  cause.  Fractures 
resulting  from  the  contraction  of  the  rocks  accompanying  cooling, 
dehydration,  etc.,  are  caused  solely  by  tension,  but  in  expansion  or 
dilation  due  to  hydration,  etc.,  the  local  tension  giving  rise  to  the 
fractures  is  simply  an  incidental  result  of  the  pressure  resulting  from 
the  expansion.  Similarly,  the  so-called  compression  fissures  or  cracks 
formed  in  a  rock  cube  subjected  to  heavy  pressure,  while  resulting 
from  the  compression  of  the  block  as  a  whole,  are  in  themselves  due 
rather  to  local  tension  developed  as  a  result  of  readjustments  under 
the  influence  of  the  pressure.  Again,  in  the  case  of  rock  folds, 
although  pressure  produces  the  arching,  it  is  the  tension  developed 
by  the  bending  that  actually  produces  the  fractures  (PI.  III).  For 
convenience  of  discussion  fracture  openings  are  here  divided  into 
irregular  openings,  joints,  faults,  and  igneous  and  vein  contacts. 

Irregular  openings, — In  this  class  are  included  several  types  of 
openings,  such  as  the  intersecting  cracks  formed  by  the  dessication 
of  wet  silts,  the  fractures  resulting  from  the  contraction  of  igneous 
rocks  on  cooling,  the  breaks  arising  from  the  distortion  of  beds  in 
folding,  the  gashes  produced  in  the  adjacent  rock  mass  by  the  drag 
incident  to  faulting  or  by  the  movements  accompanying  expansion 
by  hydration,  the  cracks  caused  by  earthquake  waves  in  soft  ma- 
terials (PI.  II,  /I),  and  possibly  certain  profound  fractures  due  to 
the  general  cooling  of  the  earth's  crust.  In  the  same  class  should 
probably  be  placed  the  irregular  but  more  or  less  circular  openings 
connecting  with  surface  "  craterlets,"  formed  by  the  occasional  expul- 
sion of  gas*'  arising  from  the  decay  of  woody  matter  in  unconsoli- 
dated formations  and  by  the  expulsion  of  w^ater  through  the  body  of 
the  soil  (not  through  the  cracks)  in  time  of  earthquakes.^ 

Openings  of  the  types  outlined  are  of  common  occurrence  and  wide 
distribution,  but  in  the  main  are  of  small  size.  Occasionally,  how- 
ever, even  where  there  has  been  no  faulting,  they  are,  as  attested  by 
fissure  veins,  of  considerable  width  and  have  afforded  passages  for 
immense  volumes  of  water. 

Joints. — For  the  purpose  of  this  discussion  the  details  of  the  origin 
of  joints  need  not  be  considered,  and  they  may  be  simply  defined  as 

*  Shaler,  N.  S.,  Conditions  and  effects  of  the  expulsion  of  gases  from  the  earth  :  Proc. 
Boston   Soc.   Nat.  Hist.,  vol.  27,  1896,  pp.  80-196. 

»  Dutton,  C.  E.,  The  Charleston  earthquake  of  August  31,  1886 :  Ninth  Ann.  Rept.  U.  S. 
Geol.  Survey,  1889,  pp.  203-328. 
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smooth  fracture  planes  cutting  the  rock  in  various  directions,  but  un- 
accompanied by  any  differential  movement  of  the  walls.  Joints  vary 
in  position  from  vertical  to  horizontal,  but  commonly  make  an  angle 
of  70°  or  more  with  the  horizon.  The  spacing  also  varies  greatly  ac- 
cording to  the  character  of  the  rock  and  the  disturbance  to  which  it 
has  been  subjected,  but  on  the  whole  the  spaces  between  joints  are 
greatest  in  sandstones  and  similar  rocks  and  smallest  in  slates.  In  the 
latter  rock  it  is  not  infrequent  to  find,  onrthe  one  hand,  zones  broken 
up  by  parallel  joints  into  thin  sheets  (PI.  IV)  and,  on  the  other  hand, 
zones  cut  up  by  intersecting  joints  into  minute  rhombs,  converting  the 
mass  into  what  may  be  termed  joint  breccias  (PL  V,  B).  An  inves- 
tigation of  the  granites  of  Connecticut  made  by  Mr.  E.  E.  Ellis" 
showed  that  the  spacing  of  the  vertical  joints  at  the  surface  com- 
monly ranged  between  3  and  7  feet,  while  the  horizontal  joints  varied 
from  an  average  of  1  foot  apart  in  the  upper  20  feet  of  rock  to  6  to 
30  feet  apart  in  the  succeeding  80  feet  (PI.  V,  ^).  The  width  gf  the 
openings  varied  from  2  inches  at  the  surface  to  a  fraction  of  a  milli- 
meter at  depths  of  25  to  100  feet. 

Notwithstanding  the  narrowness  of  the  joint  openings,  experience 
in  mining  regions  and  in  quarries  has  shown  the  existence  of  connect- 
ing systems  extending  over  large  areas.  At  Cripple  Creek,  for  in- 
stance, as  described  by  Lindgren  and  Ransome,^  the  system  of  con- 
necting joints  extends  over  an  area  3  miles  in  diameter  and  is  so  open 
that  the  entire  tract  might  be  drained  from  a  single  point.  The  vol- 
ume of  water  held  in  such  a  system  is  enormous  and  its  removal  by 
pumping  often  entails  great  expense  to  the  mines.  Quarries  also 
frequently  have  trouble  with  water,  and  heavy  pumps  must  some- 
times be  installed  to  remove  it.  In  general  the  circulation  in  vertical 
joints  is  much  greater  than  in  horizontal  joints,  water  being  esj>ecially 
abundant  where  two  or  more  fractures  of  the  former  type  intersect. 

Vein  contacts. — Many  of  the  contacts  of  veins  with  their  wall  rocks 
are  characterized  by  extensive  circulation  of  water,  which,  like  the 
waters  in  joints,  often  interferes  seriously  with  mining  and  adds 
greatly  to  its  cost.  In  general,  however,  the  passages  are  very  small, 
the  water  following,  at  least  at  first,  the  almost  inappreciable  open- 
ings along  the  walls,  where,  as  along  many  bedding  planes,  the  water 
finds  access  because  of  the  imperfect  nature  of  the  contact  between  un- 
like materials  In  true  veins  the  original  fracture  is  probably  most 
commonly  a  joint  plane^  but  deep  irregular  fissures  are  not  uncom- 
mon. In  segregation  veins  the  contacts  may  be  regarded  as  solution 
surfaces. 


«  Ellis,  E.  E.,  Occurrence  of  water  In  crystalline  roclcs :  Water-Sup.  and  Irr.  Paper  No. 
160,  U.  S.  Geol.  Survey,  1900,  pp.  19-28. 

*  Lindgren,  Waldemar,  and  Ransome,  F.  L.,  Report  of  progress  in  the  geologioiil  resur- 
vey  of  the  Cripple  Crcelc  district,  Colorado :  Bull.  V.  S.  Geol.  Survey  No.  254,  1904,  pp. 
31-32. 
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Igneous  contacts, — What  has  been  said  of  the  vein  contacts  applies 
with  equal  force  to  the  igneous  contacts  of  the  dikes  or  sills  intruded 
into  joints,  bedding  planes,  or  other  preexisting  fractures  or  lines 
of  separation.  In  some  places  igneous  masses,  as  certain  acid  peg- 
matites, have  actually  eaten  their  way  into  the  country  rock,  and  the 
contacts  often  have  no  relation  to  previous  structures.  They  are, 
however,  less  likely  to  afford  favorable  conditions  for  the  circulation 
of  water  than  the  contacts  of  the  normal  type. 

Faults, — Although  faults  are  far  less  numerous  than  joints,  they 
are  more  likely  to  be  associated  with  extensive  circulation  systems 
than  the  latter  (PI.  VI,  -1).  This,  in  large  measure,  is  the  result 
of  the  movement  of  the  walls  by  which  opposing  projections  are 
brought  opposite  one  another,  leaving  intervening  openings  along 
which  the  water  freely  circulates.  Sheeted  zones,  with  large  num- 
bers of  closely  adjacent  parallel  fault  planes,  and  crushed  zones  or 
fault  breccias,  are  also  common,  and  likewise  afford  exceptionally 
good  water  passages  and  reservoirs  (PI.  VI,  B). 

Shearing  planes, — Shearing  is  closely  allied  to  faulting,  inasmuch 
as  it  implies  a  differential  movement  of  adjacent  portions  of  the  rock, 
but  differs  from  faulting  in  that  it  usually  comprises  no  lines  of 
definite  fracture,  but  consists  rather  of  a  readjustment  of  the  ma- 
terial along  parallel  planes  throughout  the  rock.  At  the  start  there 
are  no  actual  openings,  but  the  shearing  planes  are  lines  of  weakness 
and  are  more  or  less  permeable  to  water,  and,  when  near  the  surface, 
rapidly  widen  into  material  openings  under  the  influence  of  the 
weather,  often  becoming  reservoirs  of  importance. 

Cleavage  planes, — These  are  more  or  less  vertical  planes,  produced 
by  the  action  of  pressure,  etc.,  on  certain  compact  rocks  such  as  slate. 
Unlike  most  joints,  they  are  not  ordinarily  actual  fracture  planes,  but 
are  simply  lines  along  which  the  rock  tends  to  split  under  favorable 
conditions.  It  is  not  probable  that  they  carry  much  water  when  at 
a  depth,  but  near  the  surface,  where  they  have  been  somewhat  opened 
by  the  agencies  of  weathering,  considerable  quantities  are  frequently 
stored  in  them  (PI.  VII,  B). 

Foliation  and  schistosity  planes. — These  planes,  dependent  upon 
the  parallel  arrangement  of  the  crystalline  components  of  igneous 
or  metamorphic  rocks,  are  similar  in  many  ways  to  the  shearing  and 
cleavage  planes,  being  potential  rather  than  actual  rifts,  but  under  the 
action  of  the  weather  appreciable  openings  holding  considerable 
quantities  of  water  soon  develop.  Some  weathered  schists  appear 
to  hold  15  per  cent  or  more  of  their  bulk  of  water  (PL  VII,  A), 

SOURCES  OF  UNDERGROUND  WATER. 

The  probable  source  of  underground  waters  has  been  widely  dis- 
cussed, and  while  everyone  would  doubtless  agree  that  by  far  the 
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greater  part  is  derived  from  rainfall  there  is  a  considerable  variation 
of  opinion  as  to  the  relative  importance  of  the  other  sources,  espe- 
cially as  to  the  part  played  by  the  sea  and  aqueous  raagmatic  emana- 
tions.    The  common  sources  of  underground  waters  are  given  below : 

Sources  of  under  ground  waters. 

L  Atmosi)here. 

1.  Direct. 

a.  Precipitation. 

b.  Condeiisation. 

2.  Indirect. 

a.  I^akes. 

b.  Streams. 
IL  Hydrosphere,  or  ocean. 

1.  Contenii)oraneously  al»sorbed  waters. 

2.  Originally  included  sea  water. 

III.  Lithosphere,  or  crust.^ 

1.  Primary  waters. 

a.  Chemically  excludeil  waters. 

2.  Secondary  waters. 

a.  Physically  excluded  w-aters. 

IV.  Centrosphere,  or  interior.** 

1.  Waters  directly  excludc:I. 

2.  Indirect  Ij^  excluded  magma  tic  waters. 

WATERS   FROM    THE    ATMOSPHERE. 

Preeipitation  and  condensation, — Water  from  the  atmosphere,  aside 
from  the  amount  entering  immediately  into  chemical  combination 
with  surface  materials,  reaches  the  surface  rocks  either  by  precipita- 
tion or  condensation.  The*  following  outline  illustrates  the  disposal 
of  the  waters. 

Disposal  of  precipitation. 

I.  Direct  evaporation  'before  absorption  or  run-off. 

a.  EvaiKiration  of  the  water  film  from  soil  and  ruclv  surfaces,  vegetation, 

etc. 

b.  Evaporation  from  undrainiMl  ihk>1s. 

c.  Evaporation  from  snow  surfaces. 
II.  Absorption  by  vegetation. 

a.  Living. 

b.  Vegetable  mold,  etc. 

III.  Direct  run-off  (without  previous  absorption). 

IV.  Absorption  ])y  soils  and  roclvs. 

The  relative  importance  of  the  several  methods  of  disposal  will 
vary  greatly  according  to  temperature,  humidity,  vegetation,  char- 
acter of  soils,  and  other  rehited  factors.  In  humid  regions  and  with 
soils  of  average  porosity  the  absorption  by  rocks  and  soils  is  by  far 

*  These  terms  are  used  as  defined  by  J.  W.  Powell,  Mon.  Nat.  Geog.  Soc,  vol.  1,  No.  1, 
1895,  p.  1. 
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the  most  important,  probably  accounting  for  at  least  85  per  cent  of 
the  precipitation.  In  certain  sandy  regions,  as  on  Cape  Cod,  Long 
Island,  it  is  probable  that  nearly  or  quite  1)5  per  cent  of  the  water 
enters  the  soil  immediately,  there  being  practically  no  direct  run-off 
except  on  the  rare  occasions  when  rain  falls  on  frozen  ground  or  snow. 
In  clayey  regions  and  in  areas  of  rock,  esj^ecially  where  vegetation  is 
very  scarce,  a  large  local  and  temporary  run-off  may  result. 

Any  surplus  of  the  water  of  condensation  over  that  required  to  wet 
the  surface  of  the  ground  and  vegetation  is  taken  up  directly  by  the 
soil,  there  being  practically  no  ^evaporation  under  the  existing  condi- 
tions. Ordinarily  the  amount  so  derived  is  small,  but  it  may  become 
of  some  consequence  in  certain  mountainous  regions,  where  direct  con- 
densation is  sometimes  sufficient  to  form  little  rivulets  of  water  on 
the  condensing  surfaces. 

Waters  from  lakes  and  streams, — One  of  the  most  common  popular 
conceptions  is  that  ground  waters  are  derived  either  from  neighboring 
or  more  remote  lakes  and  streams.  It  is  too  well  known  to  require 
more  than  the  simple  statement,  however,  that  the  movement  of  such 
water  is  normally  toward  and  not  away  from  the  water  bodies,  the 
surfaces  of  which  are  below  and  not  above  the  water  table.  It  is  only 
when  there  is  some  sudden  rise  of  water  in  the  lake  or  stream  due  to 
causes  independent  of  Iwal  rainfall  that  the  level  becomes  higher  than 
the  adjacent  water  table  and  a  landward  movement  takes  place.  These 
conditions  are  illustrated  by  fig.  1.     Such  movements  occur  tempo- 


PlG.  1. — Section  Illustrating  conditions  governing  movement  of  water  away  from  streams 
or  lakes.    N,  Normal  position  of  water  (able;  F,  position  of  water  table  during  floods. 

rarily  during  the  flood  period  of  rivers  fed  from  mountain  snows,  etc., 
or  in  lakes  supplied  by  such  streams.  Similar  conditions  exist  where 
the  torrents  resulting  from  cloudbursts  temporarily  flood  certain  parts 
of  our  great  deserts. 

WATERS  FRO 31  THK  OCKAN. 

Contemporaneous  absorption, — As  in  the  case  of  rivei*s  and  lakes, 
the  ground-water  movement  is  ordinarily  toward  the  sea,  but  occa- 
sionally, especially  in  estuaries,  severe  storms  bank  up  the  waters  to 
a  height  of  several  feet  above  their  normal  level  for  a  considerable 
length  of  time.  At  such  times  movements  of  salt  water  into  the  sand 
may  occur,  sometimes  seriously  affecting  adjacent  shallow  wells. 

3698— Bull.  31D— OS 2 


Digitized  by  VjOOQIC 


18  CONTROLLING    FACTORS    OF    ARTESIAN    FLOWS. 

Other  than  under  the  above  conditions,  ocean  water  does  not  com- 
monly penetrate  inland.  When  the  natural  conditions  are  disturbed 
however,  as  when  wells  near  the  shore  are  heavily  pumped,  the  water 
table  may  be  sufficiently  lowered  to  establish  a  reversed  movement. 
Salt  water  also  occasionally  penetrates  far  inland  where  open  solution 
channels  in  limestones — now  abandoned  by  the  streams  which  formed 
them — aflford  passages  for  it.  Probably  the  most  remarkable  case  of 
penetration  by  sea  water  is  that  at  the  so-called  Sea  Mills  of  Cepha- 
lonia  in  Greece,  where  a  steady  stream  large  enough  to  run  a  mill  has 
from  time  immemorial  left  the  sea  and  passed  inland,  finally  disap- 
pearing into  the  porous  limestone.** 

The  supposed  causes  of  this  phenomenon  are  discussed  on  page  30. 

Originally  inehided  sea  water, — Sediments  formed  in  the  ocean  in- 
clude large  quantities  of  sea  water,  the  amount  varying  from  10  to  40 
per  cent  or  more  of  the  bulk  of  the  material  according  to  its  nature. 
Ordinary  sands  commonly  hold  about  one-third  of  their  volume.  If 
the  marine  beds  are  lifted  above  sea  level  while  still  in  an  uncon- 
solidated condition  much  of  this  water  will  drain  out  except  when 
the  beds  are  so  warped  in  the  process  as  to  form  troughs  or  when 
drainage  is  prevented  by  the  presence  of  overlying  impervious  beds. 

The  Cretaceous  deposits  near  Wilmington,  N.  C,  afford  a  good  ex- 
ample of  inckided  waters  in  beds  not  yet  uplifted,  flowing  wells  of 
salt  water  being  obtained  at  many  points,  even  beneath  impervious 
clays  which  effectually  prevent  any  present  access  of  the  sea  water. 
The  pressure  comes  from  the  meteoric  waters  entering  at  the  outcrop 
near  the  inner  edge  of  the  Coastal  Plain,  and  as  the  salt  water  is  re- 
moved fresh  water  takes  its  place.  Instances  of  salt  wells  turning 
fresh  have  been  described  by  the  writer  in  another  paper.^  Perhaps 
the  best  illustration  of  included  water  in  older  and  uplifted  rocks 
is  that  afforded  by  the  salt  waters  of  the  thick,  open  sandstones  of 
the  Carboniferous  series  of  western  Pennsylvania,  the  waters  occur- 
ing  under  conditions  which  seem  to  preclude  their  access  to  any  salt- 
bearing  beds. 

WATERS  FROM    THE  ROCKS  OF  THE  CRUST. 

By  waters  from  the  lithosphere  or  crust  are  meant  the  originally 
combined  or  otherwise  unavailable  waters  which  have  later  been  set 
free  by  physical  or  chemical  exclusion.  In  their  original  form  the 
waters  are  either  primary  (forming  a  part  of  the  original  minerals) 
or  secondary  (derived  from  absorption  by  some  one  of  the  methods 
outlined  in  the  preceding  sections). 

«  Crosby,  F.  W.,  and  CroKby,  W.  O,.  The  Sea  Mills  of  Cephalonla :  Tech.  Quart.,  vol.  9, 
1806,  pp.  0-23.      FulliT,  M.  L.,  Bull.  (icol.  Soc.  America,  vol.  18,  pp.  221-232. 

*  Fuller,  M.  L..  Instances  of  Improvement  of  water  in  wells:  Water-Sup.  and  Irr.  Paper 
No.  160,  U.  S.  Geol.  Survey,  1906,  pp.  1)6-99. 


Digitized  by  VjOOQIC 


UNDERGROUND    CONDITIONS.  19 

Chemically  excluded  waters. — The  clieinically  excluded  waters  are 
the  originally  combined  waters  which  have  been  set  free  by  chemical 
processes.  As  first  formed  nimierons  minerals  are  in  the  hydrated 
form,  but  later,  usually  through  the  influence  of  heat  and  pressure, 
lose  the  whole  or  part  of  their  water.  This  process  of  dehydration 
commonly  takes  place  only  at  considerable  depths,  and  usually  results 
from  recrystallization  or  recombination  due  to  metamorphism.  In 
some  cases  the  entire  amount  of  water  contained  by  the  minerals  is 
excluded,  but  in  others,  as  in  some  of  the  recombinations,  only  a  part 
is  driven  out.  Among  the  best  illustrations  of  the  processes  are  the 
exclusion  of  mechanically  included  waters  by  the  ciystallization  of 
amorphous  limestones  as  calcite,  by  the  change  of  certain  gypsums 
through  metamorphic  action  to  anhydrite,  and  by  the  change  of  peat 
and  lignite  to  coal.  The  action  is  not  solely  deep  seated,  there  being 
more  or  less  extensive  dehydration,  especially  of  iron  compounds,  in 
regions  where  hot  and  dry  seasons  alternate  with  periods  of  rainfall. 
Van  Hise  attributes  the  red  hematitic  stains,  colorings,  etc.,  of  the 
deserts  of  southern  California  and  elsewhere  to  the  dehydration  of 
the  iron  from  the  limonite  form.** 

Since  dehydration  takes  place  mainly  at  considerable  depths  the 
water  is  not  lost  to  the  rock  crust  as  a  whole,  but  simply  to  the  part 
undergoing  alteration.  Most  of  it  passes  u[)ward  into  the  more  por- 
ous unaltered  rocks,  in  which  it  may  remain  for  an  indefinite  period. 

Physically  excluded  waters, — The  expulsion  of  secondary  waters, 
including  those  derived  from  the  process  of  dehydration  in  under- 
lying rocks  -in  the  manner  just  described,  as  well  as  the  included 
"  waters  of  deposition,"  occurs  mainly  through  the  agency  of  pres- 
sure and  heat.  The  exclusion  by  pressure  is  well  illustrated  by  the 
violent  expulsion  of  water  along  fault  rifts  during  great  earthquakes, 
an  action  which,  although  especially  manifest  at  the  surface,  can 
hardly  be  confined  to  this  zone,  but  must  often  occur  between  beds  at 
considerable  depths.  The  action  of  heat  in  expulsion  will  be  most 
pronounced  where  water-bearing  strata  are  penetrated  by  igneous  in- 
trusions, especially  where  ready  escape  for  the  steam  or  water  into 
overlying  beds  is  afforded  by  joint,  fault,  or  other  openings. 

WATERS   FR03I   THE  CENTROSPHERE. 

The  waters  from  the  centrosphere  may  be  divided  into  those  reach- 
ing the  reservoirs  in  the  crust  by  direct  emanation  or  exclusion,  and 
those  reaching  the  upper  crust  indirectly  through  igneous  intrusions. 
As  was  shown  by  Hoskins,^  rock  pressure  limits  the  occurrence  of  open 

«  Van  Hlse,  C.  R.,  Some  principles  controlling  the  deposition  of  ores :  Trans.  Am.  Inst. 
MIn.  Eng.,  vol.  30,  1000,  pp.  27-177. 

*  Hoskins,  L.  M.,  Flow  and  fracture  of  rocks  as  related  to  structure :  Sixteenth  Ann. 
Kept.  U.  S.  Geol.  Survey,  pt.  1,  1896,  pp.  845-875. 
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cavities  in  ordinary  rocks  to  depths  under  10,350  meters,  but  rock- 
inclosed,  liquid-filled  cavities  can  exist  to  an  indefinite  depth  at 
which  water  and  molten  rock  are  miscible  in  all  proportions.  The 
volume  of  aqueous  matter  in  the  central  magma  is  an  unknown 
quantity,  but  it  is  acknowledged  that  practically  all  lavas  contain 
material  amounts  of  water,  and  while  some,  if  not  most  of  it,  may 
•be  derived  from  the  rocks  through  which  the  lavas  have  passed,  a 
,  pai-t  is  doubtless  derived  from  the  original  magma.  It  is  not  improb- 
able that  as  the  cooling  of  the  central  magma  progresses  considerable 
amounts  of  water  are  given  otf  into  the  overlying  rocks.  This  and 
the  more  common  form  of  magmatic  waters — that  given  off  from  ig- 
neous intrusions — together  form,  in  the  belief  of  many  geologists  in- 
terested in  economic  deposits,  an  important  source  of  ore-depositing 
solutions.  At  any  rate  it  may  safely  be  said  that  it  is  often  of  great 
local  importance. 

CONFINING  AGENTS. 

In  this  discussion  the  confining  agents  in  artesian  systems  are 
divided  for  convenience  into  bedded  and  jointed  rocks.  In  the  usual 
discussion  impervious  beds  are  ordinarily  the  only  agents  recognized, 
but  observations  made  by  a  considerable  body  of  field  workers  during 
the  last  four  years  has  brought  to  light  some  new  conditions  of  flow 
and  has  emphasized  the  importance  of  a  number  of  factors  that  are 
seldom  mentioned.     The  principal  confining  agents  are  as  follows: 

Conf'nhuj  cujents. 
I.  Bedded  rotks. 

A.  UiUH'r  coiiftuiuj^  agents. 

1.  luipervlous  beds. 

2.  Stratification. 

3.  Friction. 

4.  Mineral  crusts. 

5.  Frost  zones. 

6.  Confined  air  and  gas. 

7.  Fresh  water. 

8.  Salt  water. 

B.  Lower  confining  agents. 

1.  Impervious  beils. 

2.  Stratification. 

3.  Friction. 

4.  Mineral  crusts. 

5.  Frost  zones. 

6.  Confined  air  and  gas. 

7.  Fresli  water. 

8.  Salt  water. 

9.  Cementation. 

10.  Heat. 

11.  Pressure. 
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II.  Jointed  and  fractured  rocks* 

A.  TTpper  confining  agents. 

1.  Impervious  hanging  wall. 

2.  Impervious  surface  coverings, 

3.  Frost  fillings. 

4.  Vein  fillings. 

5.  Weathering  products. 

6.  Converging  walls. 

7.  Interrupted  joints. 

8.  Sea  water. 

B.  Ix)wer  confining  agents. 

1.  Imi)ervious  foot  walls. 

2.  Vein  fillings  (cementation). 

3.  Converging  walls. 

4.  Interrupted  joints. 

5.  Fresh  water. 

6.  Sea  water. 

7.  Heat. 

8.  Pressure. 

BEDDED    ROCKS. 

TTPPER  oovmrnxQ  agents. 

Impervious  bed. — The  term  ""  impervious  bed  "  is  here  used  to  des- 
i^ate  a  bed  of  stratified  material  through  which  water  penetrates 
with  difficulty — the  sense  in  which  it  has  been  used  in  practically  all 
previous  discussions  of  artesian  waters.  In  general  it  has  been  as- 
sumed that  such  a  bed — relatively  impervious  as  compared  to  the 
water  bed — is  essential  to  artesian  flows,  and  it  has  been  so  shown  in 
practically  all  figures  ilhtstrating  artesian  systems.  As  a  matter  of 
fact,  however,  it  need  not  be  absolutely  impervious.  In  the  words 
of  Chamberlin,**  "  a  stratum  that  successfully  restrains  the  most  of 
the  w^ater,  and  thus  aids  in  yielding  a  flow,  is  serviceably  impervi- 
ous." Clays  furnish  the  l^est  confining  strata,  being  both  impervious 
in  character  and  free  from  open  joints  or  other  fractures  that  permit 
the  water  to  pass  through.  Shales  are  generally  accounted  as  second 
in  value.  Some  limestones,  as  the  Clinton  of  southwestern  Ohio,  are 
good  confining  agents,  but  most  rocks  of  this  kind  are  broken  by 
joints  that  affoi:d  numerous  points  of  leakage. 

Stratification  planes. — At  several  places  in  Michigan  and  elsewhere 
flows  have  been  procured  from  homogeneous  sands.  As  has  been  ex- 
plained in  another  report,^  the  cause  of  the  confinement  may  probably 
be  found  in  the  arrangement  and  shape  of  grains.  All  materials 
that  afford  flows  of  the  nature  described  are  stratified — in  other 
words,  they  were  deposited  in  layers,  which,  though  composed  of 

«  rhamberlln,  T.  C,  The  requisite  and  qualifying  conditions  of  artesian  wells :  Fifth 
Ann.  Kept.  U.  S.  Geol.  Survey.  1885.  p.  138. 

*  Fuller,  M.  L.,  Two  unusual  types  of  artesian  flow  :  Water-Sup.  and  Irr.  Paper  No.  145, 
TJ.  S.  Geol.  Survey,  1005,  pp.  41-45. 
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material  of  uniform  grain,  were  nevertheless  laid  down  successively 
one  over  another  as  independent  horizontal  lamina?.  This  process 
develops  conditions  that  are  more  favorable  to  the  transmission  of 
water  along  the  lamina?  than  across  them,  due  in  part  simply  to  the 
lamellar  arrangement."  There  is,  however,  another  factor  present — 
namely,  the  irregularity  of  the  shape  of  grains — which  has  probably 
considerable  influence  in  regulating  the  flow  of  water  through  the 
sand.  In  sediments,  such  as  gravel  and  sand,  the  particles  no  matter 
how  uniform  their  size  are  not  symmetrical  in  shape.  One  axis  is 
almost  sure  to  be  longer  than  the  other  (fig.  2),  and  when  deposition 
takes  place  the  grains  have  a  strong  tendency  to  arrange  themselves 
with  their  longer  axes  horizontal  and  to  overlap  one  another  to  a 
greater  or  less  extent,  like  the  shingles  on  a  house,  though,  of  course, 
far  less  perfectly  (fig.  3).     Under  such  conditions  it  is  clear  that, 


Fig.  8. — Arrangement  of  sand 
Fig.  2.  — Fonn  of  wind  grains.  grains  in  stratified  deposits. 

although  the  material  is  pervious  and  may  hold  large  amounts  of 
water,  the  passage  of  water  across  the  planes  of  stratification  will  be 
difficult,  at  le4ist  as  compared  with  its  pasvsage  along  those  planes. 
A  well  that  enters  such  material  will  afford  an  upward  path  for  the 
water  that  is  easy  as  compared  with  its  passage  through  stratified 
material  of  the  character  described,  and  a  flow  will  often  result. 

Frictioii, — Friction  alone  seems  to  l)e  competent  under  certain  con- 
ditions to  produce  the  necessary  confinement,  especially  where  the 
reservoir  is  fed  at  the  bottom.  If,  for  instance,  water  should  enter  at 
the  bottom  of  a  thick  bed  of  fine,  uniform,  and  structureless  sand 
under  a  head  sufficient  to  lift  it  100  feet  through  the  sand  it  would 
rise  in  a  pipe  tapping  it  at  the  bottom  to  a  height  greater  than  its 
level  in  the  sand  outside,  the  difference  l)eing  determined  by  the  rela- 
tive amounts  of  friction  in  sand  and  pipe.  This  factor  may  be  as 
common  in  producing  flows  as  the  factor  of  stratification  described 
above. 


«  This  overlapping  of  grains  lias  been  described  by  W.  O,  Crosby  in  his  discussions  of 
"  hard-packed  "  sand  In  ghulal  deposits  at  Clinton,  Mass.  (Tech.  Quart.,  vol.  17,  11)04, 
pp.  G1-C2  and  67-70.)  Although  such  sand  Is  so  deposited  or  "packed"  that  It  strongly 
resists  the  advance  of  the  drill.  It  nevertheless  absorbs  large  quantities  of  water. 
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Mineral  crusts. — Wlien  the  water  table  is  in  porous  materials  and 
is  fairly  constant  in  level,  mineral  matter  is  freqiusntly  deposited 
along  the  upper  surface,  forming  a  sort  of  crust.  A  number  of  such 
crusts  have  been  noted  in  the  drift  deposits  of  Michigan,  Minnesota, 
and  other  States,  while  they  are  very 'common  indeed  in  many  of  the 
desert  regions.  In  Minnesota  the  crusts  are  of  both  iron  and  lime, 
and  son\e  of  them  are  several  inches  thick.  The  iron  crusts  have  the 
appearance  of  bog  ore,  resembling  the  similar  deposits  in  Michigan." 
As  long  as  the  water  table  remains  stationary  the  crust  has  no  effect, 
but  whenever  a  rise  takes  place,  due  to  rainfall  entering  at  higher 
points,  the  crust  holds  back  the  water  with  the  result  that  a  material 
artesian  pressure  is  quickly  developed.     (See  fig.  9,  p.  41.) 

In  the  desert  regions  the  crusts,  know^n  as  "  caliche,''  are  composed 
mainly  of  calcium  carbonate  and  occur  at  various  levels,  ranging 
from  3  or  4  feet  below  the  surface  to  considerable  depths.  These 
crusts  appear  to  be  of  different  origin  at  different  localities,  being  due 
in  part  to  the  evaporation  of  waters  brought  up  by  capillarity,  as  pos- 
tulated by  Blake;  ^  in  part  to  precipitation  from  imderground  waters, 
by  reason  of  the  loss  of  carbon  dioxide  on  the  release  of  pressure,  as 
suggested  by  Lee;''  and  in  part  to  downward  leaching  and  concen- 
tration of  rain  waters,  as  urged  by  R.  H.  Forbes.^  Like  the  crusts 
previously  mentioned,  they  may  serve  as  confining  l)eds  whenever 
there  is  any  rise  of  the  water  table  due  to  rainfall  at  higher 
points. 

Frost  zones, — The  action  of  frost  zones,  such  as  frozen  soils,  is  very 
similar  to  that  of  the  crusts  just  described.  Such  frozen  crusts  form 
at  the  bases  of  gentle  slopes  along  valleys,  or  wherever  the  water  table 
comes  to  the  surface,  and  extend  back  under  the  high  ground  to  points 
where  the  water  is  no  longer  within  reach  of  frost.  Where  the  slope 
is  gentle  this  may  be  some  distance.  The  soil  farther  back  not  being 
saturated  is  often  not  frozen  at  all,  especially  in  sandy  and  other  well- 
dniined  materials.  Under  such  conditions  rain  water  not  uncom- 
monly sinks  downward  in  the  unfrozen  region  and  raises  the  water 
table,  w^ith  the  result  that  the  pressure  is  transmitted  beneath  the  fro- 
zen soil.  If  the  frozen  crust  is  penetrated  at  such  times  the  water  will 
flow  at  the  surface.     (See  fig.  9,  p.  41.) 

Confined  air  and  ga<H, — A\Tiile  waters  rising  under  the  influence  of 
gas  pressure  are  not  regard(»d  as  artesian,  air  and  gas  can  not  be  ex- 
cluded from  the  list  of  confining  agents.    Water  is  just  as  effectually 

"  I^verett,  Frank.  Klowlnj:  wells  and  municipal  wntor  Huppllea  In  tho  southern  portion 
of  the  Southern  Peninsula  of  Michigan  :  Water-Sup.  and  Irr.  Paper  No.  182.  V.  S.  Geo). 
Survey,  1900,  pp.  8-0. 

*  Blake,  W.  P.,  Caliche  of  southern  Arizona:  Trans.  .\ra.  Inst.  Min.  Knj:.,  vol.  .'Jl,  1901, 
p.  220. 

♦•  I^e,  W.  T.,  Underground  waters  of  Salt  River  valley,  Arizona  :  Water  Sup.  and  Irr. 
Paper  No.  130,  V.  S.  (ieol.  Survey,  190.'>.  pp.  KH-lll. 

•'Quoted  by   Lee,   Ibid.,   p.    110. 
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prevented  from  reaching  the  crest  of  a  gas-bearing  anticline  by  the 
gas  pressure  as-if  an  impervious  bed  intervened,  and  one  is  as  truly  a 
confining  agent  as  the  other.  Confined  air  may  likewise  limit  the  rise 
of  water  in  dome-like  caverns  in  limestone,  while  confined  air  in  earth, 
when  prevented  from  upward  escape  by  frozen  or  saturated  soil  zones, 
often  acts  temporarily  as  a  confining  stratum. 

Fre.^h  xrater. — The  action  of  fresh  water  as  a  confining  agent  can 
not  be  better  described  than  in  the  worcTs  of  Chamberlin : « 

Paradoxical  as  it  may  seem,  water  itself  may  form  a  confining  agent.  ♦  ♦  ♦ 
If  the  water  between  the  well  and  fountain  head  is  actually  higher  than  the 
latter,  it  will  tend  to  i)enetrate  the  water-bearing  stratum,  so  far  as  the  over- 
lying beds  ijermit,  and  will,  to  that  extent,  increase  the  supply  of  water  seeking 
passage  through  the  porous  be<l,  and  will,  by  reaction,  tend  to  elevate  the 
fountain  head,  if  the  situation  i)ermit.  I  conceive  that  one  of  the  most  favor- 
able conditions  for  securing  a  fountiiin  Is  found  when  thick  semiporous  beds, 
constantly  saturated  with  water  to  a  greater  height  than  the  fountain  head.  He 
upon  the  porous  stratum,  and  occupy  the  whole  country  between  the  well  and  Its 
source.  This  is  not  only  a  good,  but  an  advantageous,  substitute  for  a  strictly 
Impervious  confining  bed.  lender  these  hydrostatic  conditions,  limestone  strata 
rei)oslng  on  sandstone  furnish  an  excellent  combination. 

It  should  be  noted,  however,  that  although  an  impervious  cover  is 
not  postulated  the  water  bed  is  assumed  to  be  relatively  more  porous 
than  the  confining  stratum,  and  no  recognition  is  made  of  flows  from 
uniform  materials,  as  described  on  pages  21,  22.  The  latter,  however, 
adds  even  more  emphasis  to  the  importance  of  water  as  a  confining 
agent  than  did  the  conditions  described  by  Chamberlin. 

Sea  water. — When  porous  deposits  extend  outward  beneath  the 
sea,  as  along  sandy  coasts,  the  fresh  waters  moving  from  the  land 
rise  from  below  against  the  pressure  of  the  sea  water.  As  sea  water 
has  a  specific  gravity  of  approximately  1.027  it  will  hold  up  a  column 
of  fresh  water  of  materially  gi*eater  length,  and  when  the  head  of 
the  fresh  water  is  less,  as  is  frequently  the  case,  than  the  excess  of 
weight  of  the  sea  waters,  the  latter  may  act  as  etfective  confining 
agents.     (See  p.  43.) 

LOWER  CONFINIKO  A0EHT8. 

What  has  been  said  of  the  upper  confining  agents  applies  in  many 
instances  with  equal  force  to  the  lower  confining  agents.  The  under 
bed,  like  the  upper,  may  ])e  any  "  bed  that  successfully  retains 
most  of  the  water,-'  whether  absolutely  impervious  or  not.  Stratifi- 
cation planes  may  limit  the  downward  penetration  of  the  water  in 
thick  beds  as  it  does  the  upward  movement,  and  friction  may  produce 
the  same  result,  especially  in  slightly  inclined  beds  of  great  extent. 
Mineral  crusts  are  more  conmion  as  an  upper  restraining  agent  than 

«Tbc-»  requisite  and  qualifying  conditions  of  artesian  wells:  Fifth  Ann.  Ropt.  U.  S.  Oeol. 
Survey,  1885,  pp.  138,  140. 
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as  a  lower,  but  cases  undoubtedly  occur  where  the  water  is  confined 
between  two  such  layei*s.  Water  is  found  between  frozen  layers  of 
soil  in  Alaska.  Confined  air  often  acts  temporarily  as  an  under 
confining  agent,  as  in  the  saturated  zones  upheld  by  the  air  of  soils 
during  heavy  downfalls  of  rain,  and  confined  gas  may  possibly  act 
similarly.  Previously  absorbed  fresh  waters,  by  saturating  the 
deeper  rocks,  limit  the  depth  of  circulation  of  waters  entering  subse- 
quently. Sea  water  is  even  more  important  as  an  underlying  stratum 
than  as  an  upper  confining  layer.  In  addition  to  the  preceding 
agents,  which  act  both  as  upper  and  lower  confining  agents,  general 
cementation^  heat,  and  pressure  are  effective  factors  in  limiting  the 
downward  penetration  of  water  under  certain  conditions. 

Cementation. — Cementation  is  the  process  by  w^hich  the  grains  of 
sedimentary  rocks  are  bound  together  and  the  intervening  pores  filled 
by  the  deposition  of  mineral  matter  from  infiltrating  solutions.  Un- 
like the  formation  of  crusts,  this  deposition  does  ^ot  result  from 
evaporation,  but  from  the  supersaturation  of  solutions  at  depths  far 
below"  the  water  table.  It  is  not  usually  limited  to  a  single  layer,  or 
point,  but  is  a  general  process  affecting  large  bodies  of  rock  over  wide 
areas.  The  conversion  of  open  porous  sandstones  to  dense  impervious 
quartzites  by  the  deposition  of  silica  is  perhaps  the  best  example  of 
the  process,  which  is  notably  efficient  in  limiting  the  downward  pene- 
tration of  waters. 

Heat, — It  has  often  been  assumed  that  the  circulation  of  water, 
owing  to  its  supposed  conversion  into  steam,  is  limited  to  relatively 
moderate  depths,  but  it  can  be  readily  shown  that  the  rise  of  the  boil- 
ing point  due  to  increased  pressure  ordinarily  more  than  counter- 
balances the  increased  heat  at  great  depths,  and  that  under  any  of  the 
usually  accepted  rates  of  increment,  change  to  steam  will  not  take 
place.  When  water  approaches  uncooled  igneous  intrusions  that  lie 
at  shallow  depths,  however,  conversion  to  steam  may  occur,  and  the 
downward  penetration  of  the  water  may  be  stopped.  This  is  prob- 
ably a  common  factor  of  limitation  in  igneous  regions  and  may  possi- 
bly act  in  regions  where  the  temperature  gradient  is  particularly  high. 

Press^ire. — Pressure,  as  shown  by  Hoskins,**  closes  all  ordinary  cavi- 
ties at  about  10,000  meters  and  imposes  an  effectual  limit  to  the  pene- 
tration of  free  water,  although  rock- inclosed,  liquid-filled  cavities 
can  exist  to  a  depth  at  which  water  and  rocks  are  miscible  in  all  pro- 
portions. As  a  matter  of  fact,  pressure  is  probably  rarely  an  impor- 
tant factor  in  limiting  the  penetration  of  water  in  the  unaltered 
bedded  rocks  because  of  their  e&sentially  superficial  occurrence. 

•  Hosklns,  L.  M..  Flow  and  fracture  of  rocka  as  related  to  structure :  Sixteenth  Ann. 
Kept.  r.  S.  Geol.  Survey,  pt.  1,  1H90,  pp.  845-875. 
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JOINTED   ROCKS. 
TIPPER  CONPIKINO  AGENTS. 

Impervious  wall, — In  the  same  way  that  an  impervious  overlying 
bed  is  a  leading  restraining  agent  in  bedded  rocks  the  impervious 
hanging  wall  of  an  inclined  joint  is  a  prominent  confining  agent  in 
jointed  rocks.  Like  the  former,  it  may  not  be  absolutely  but  only 
relatively  impervious,  but  owing  to  the  fact  that  joints  are  mainly 
developed  in  dense  or  massive  rocks,  especially  in  the  fine-grained 
types,  the  joint  wall  is  on  the  average  considerably  more  impervious 
than  the  cap  rock  in  bedded  formations. 

Impervious  covering  on  surface, — This  is  a  very  common  restrain- 
ing agent  in  jointed  or  fissured  rocks.  It  is  especially  well  shown  in 
the  extensive  "  lake-bed  "  region  of  southeastern  Michigan,  where 
artesian  water,  under  pressure  enough  to  lift  it  to  the  surface,  is  con- 
fined over  considerable  areas  in  jointed  and  fissured  limestone,  etc., 
by  the  overlying  clayey  till  and  "  lake-bed  *'  deposits.*'  The  numer- 
ous flows  from  granite  beneath  alluvium  in  valleys  in  the  Piedmont 
area  of  the  Southern  States  is  due  to  the  same  causes.  (See  figs.  11 
and  14,  pp.  41,  42.) 

Frost  fillings. — In  winter  water  freezes  almost  as  fast  as  it  seeps 
out  at  the  surface,  and  it  is  not  uncommon  to  find  that  joint  openings 
through  which  water  is  ordinarily  rising  are  frozen  solid  to  some 
distance  from  the  surface.  The  ice  under  such  conditions  may 
present  an  effective  barrier  to  the  water  pressing  upward  from  below. 

Vein  fiUifigs, — Water  coming  up  from  l)elow  and  carrying  an  ex- 
cess of  mineral  matter  in  solution  not  infrequently  deposits  it  in  the 
openings  near  the  surface,  sometimes  closing  the  joint  openings  as 
completely  as  they  are  closed  by  ice.  Mr.  G.  O.  Smith  has  described 
such  fillings  and  considers  them  the  probable  confining  agents  that 
give  rise  to  the  artesian  flows  from  the  crystalline  rocks  in  parts  of 
New  Hampshire  and  Maine.^ 

Weathering  produrts, — The  usual  action  of  the  weather  is  to  widen 
the  joints  and  other  partings,  but  occasionally,  where  the  circulation 
is  slight,  the  clayey  products  of  decomposition  are  not  entirely  re- 
moved, but  collect  in  the  joints  and  other  available  openings,  some- 
times clogging  them  sufficiently  to  render  them  effective  obstacles 
in  the  path  of  uprising  waters.  The  closing  of  joint  passages  due 
to  the  expansion  resulting  from  the  process  of  hydration  in  rocks 
undergoing  weathering  is  also  a  possible  factor  in  restraining^  under- 
ground water  circulation. 

«»  Fuller,  M.  L.,  Two  unusual  types  of  artesljin  flow:  Water-Sup.  and  Irr.  Paper  No.  14.j, 
U.  S.  (ieol.  Survey,  IDor..  pp.  40-4.''>. 

*  Water  re.sources  of  the  Portsmouth  York  re;,Mou,  New  Hampshire  and  Maine:  Water- 
Sup,  and  Irr.  Paper  No.  145,  IT.  S.  (3eol.  Survey,  lOO.n,  pp.  120-128. 
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Sea  water, — Because  of  its  greater  density,  sea  water  exerts  in 
jointed  rocks,  as  in  bedded  rocks,  a  decided  restraining  influence  on 
uprising  fresh  waters,  even  wiien  their  liead  is  somewhat  higher  than 
sea  level,  and  it  is  a  possible  factor  in  alfording  the  confinement  neces- 
sary for  some  of  the  flows  from  jointed  rocks  when  near  sea  level. 

Converging  walls, — The  converging  of  the  joint  w^alls  near  the  top 
may  l)e  due  to  mineral  deposition  on  the  sides,  to  expansion  of  the  wall 
rock  due  to  weathering,  to  local  pressure  developed  through  faulting 
or  readjustments  of  the  joint  blocks,  or  to  the  relative  absence  of  solu- 
tion as  compared  to  that  at  greater  depths.  A  contraction  of  the 
opening  sufficient  to  exert  a  decided  restraining  influence  on  the 
underground  waters  may  result  from  any  of  the  causes  indicated. 

Intemiptions  of  joints, — Joints  are  not  of  unlimited  extent,  al- 
though some  of  the  master  joints  may  be  miles  in  length.  A  joint 
may  terminate  either  by  gradual  contraction  and  disappearance  or 
by  ending  abruptly  against  an  intersecting  joint  or  other  plane. 
This  is  especially  true  of  intersecting  horizontal  and  vertical  joints, 
the  latter  frequently  ending  abruptly  against  the  former.  As  most 
horizontal  joints  are  less  open  than  vertical  joints,  the  termination 
is  at  many  places  such  as  to  prevent  circulation  beyond  it. 

LOWBB  CONFIKINO  A0EHT8. 

The  lower  confining  agents  are  not  greatly  difi'erent  from  the  simi- 
lar agents  in  bedded  rocks  or  from  the  upper  confining  agtmts  in 
jointed  and  fractured  rocks  already  described.  The  impervious  foot 
wall  is  comparable  with  the  impervious  hanging  wall  and  is  subject 
to  the  same  qualifying  statements.  Frost  filling  and  weathering  play 
little  or  no  part  in  fixing  the  lower  limit  of  penetration,  but  vein  fill- 
ings are  as  likely  to  occur  at  considerable  depths  as  at  the  surface,  and 
are  probably  not  infrequently  a  factor  of  importance.  The  conver- 
gence of  walls  and  the  interruption  or  termination  of  joints  are  doubt- 
less of  even  greater  importance  than  as  upper  confining  agents.  Fresh 
and  sea  waters  limit  the  downward  penetration  as  in  the  bedded  rocks, 
and,  similarly,  heat  and  pressure  may  locally  play  important  parts. 

NATURK    OP    ARTKSIAN    CIllCin^TION. 

Artesian  circulation  takes  place  by  virtue  of  the  variations  in  the 
pressure  to  which  the  water  is  subjected  in  different  parts  of  its 
re^servoir.  By  definition  of  the  artesian  principle  (p.  7)  all  factors 
except  hydrostatic  pressure  are  excluded  as  determining  causes  of 
circulation.  There  are,  nevertheless,  a  numl)er  of  modifying  agencies 
which  in  some  cases  exert  a  powerful  influence  on  the  water  head  or 
movement.  The  more  important  of  the  ccmtrolling  and  modifying 
factoids  may  be  sunnnarized  as  follows: 
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.  Factors  in  artesian  circulation. 

I.  Primary  factor. 

A.  Gravity. 

II.  Modifying  factors. 

A.  Factors  mainly  affecting  pressure. 

1.  Barometric  variations. 

2.  Temperature  variations. 

3.  Density  of  waters. 

a.  Variations  due'to  temperature. 

b.  Variations  due  to  dissolved  salts. 

c.  Variations  due  to  suspende<l  solids. 

4.  Height  of  adjacent  water  levels. 

a.  Water  table. 

b.  Neighboring  water  bodies. 

c.  Levels  dei)endent  on  floods. 

d.  Levels  dei>endent  on  tides. 

e.  Levels  dei)endent  on  winds. 

5.  Rock  pressure. 

B.  Factors  mainly  affecting  movement. 

1.  Porosity. 

2.  Size  of  grain  or  ojjenlngs. 

3.  Temperature. 

PRIMARY  FACTOR. 

Gravity, — The  leading  factor  in  artesian  circulation  is  gravity, 
from  which  fact  it  follows  that  (disregarding  friction)  the  pressures 
in  the  opposing  arms  of  an  artesian  system  will  be  proportional  to 
the  heights  of  the  respective  water  columns,  while  the  effective  head 
will  be  determined  by  the  difference  in  the  two.  The  hydrostatic 
pressure  dependent  on  gravity  is  the  sole  recognized  cau>e  of  artesian 
pressure  as  the  term  is  here  used  (p.  7),  although  its  action  is 
modified  in  many  ways  by  the  qualifying  factors  considered  below. 

The  operation  of  the  ordinary  hydrostatic  law  is  limited  to  appre- 
ciable openings.  According  to  Daniel "  such  openings,  which  are 
known  as  supercapillary  and  include  joints,  faults,  bedding  planes, 
some  fissility  planes,  the  pores  of  sandstones,  etc.,  have  for  their 
minimum  limit  a  diameter  of  0.508  mm.  in  tubular  passages  and  a 
width  of  0.254  mm.  in  sheet  openings  of  the  joint  or  bedding-plane 
types. 

MODIFYING  FACTORS. 

The  factors  which  modify  the  pressures  resulting  from  gravity  may 
be  divided  into  those  which  cooperate  directly  with  the  latter  in  de- 
termining the  hydrostatic  pressure,  and  those  which  primarily  affect 
the  movement  of  the  water  and  only  incidentally  influence  the  pres- 
sure.^ 

«  Danlol,  Alfrpd,  Toxt  Book  of  Physics.  3d  ed.,  1894,  pp.  277,  316. 

*  For  nn  extended  discussion  of  the  factors  giving  rise  to  fluctuations  of  water  level,  see 
Veatch,  A.  C,  Fluctuations  of  the  water  level  In  wells:  Water-Sup.  and  Irr.  Paper  No. 
155,  U.   S.   Oeol.   Survey,   1900. 
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FACTORS  MAINLY  AFFECTING  PRESSURE. 
BABOMETRIO  VA&IATIOKS. 

For  each  locality  there  is  a  normal  barometric  pressure  dependent 
upon  elevation,  latitude,  and  distance  from  the  ocean.  This,  how- 
ever, is  subject  to  many  influences,  both  cyclic  and  irregular,  which 
materially  modify  the  ultimate  pressure.  The  barometric  factors 
may  be  clavssified  as  follows : 

Barometric  factors, 

I.  Cou8tant  factors. 

1.  Elevation. 

2.  Latitude. 

3.  Distance  from  ocean. 

II.  Variable  factors. 

1.  Cyclic. 

a.  Diurnal  variations. 

b.  Seasonal  variations. 

c.  Variations  due  to  solar  movements. 

d.  Variations  due  to  lunar  movements. 

2.  Irregular. 

a.  Atmospheric  disturbances. 

b.  Cyclones. 

c.  Storms. 

d.  Cloudiness. 

3.  Topographic  surroundings  (indeiJendent  of  altitude). 

Although  many  of  the  factors  are  very  weak  in  their  action  all  arc 
measurable,  and,  with  the  exception  of  solar  and  lunar  movements, 
cloudiness,  and  topography,  all  are  known  to  exert  an  appreciable 
influence  on  wells.  In  some  instances  the  resultant  effects  appear  to 
l)e  far  greater  than  those  that  would  be  due  to  the  actual  differences 
in  pressure  at  the  point  of  observation.  The  cause  of  this  is  as  yet 
unknown,  but  it  is  possible  that  it  may  prove  to  be  related  to  those 
producing  the  remarkable  seiches  of  the  Great  Lakas,  some  of  which 
are  marked  by  a  change  of  water  level  as  great  as  G  feet.  It  is  not  im- 
probable that  under  favorable  conditions  all  the  variations  noted 
iiave  a  material  effect  on  underground  waters.  The  manifestations 
are  most  noticeable  at  periods  of  low  barometer  and  include  increase 
of  head,  increase  of  flow%  muddiness,  and  discoloration. 

TEMPERATTTRE  VAKIATI0N8. 

Temperature  acts  on  artesian  circulation  through  its  influence  on 
the  viscosity  of  the  water,  through  the  expansion  and  contraction  of 
included  air  or  gas,  by  variations  in  the  pressure  of  confined  air  or 
gas  upon  water  surfaces,  and  by  its  influence  on  the  density  of  the 
artesian  waters.    Of  these  viscosity  mainly  affects  the  water  move- 
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ment  directly,  although  it  incidentally  affects  the  head  through  its 
influence  on  friction.  The  expansion  and  contraction  of  included 
gases  has  a.  direct  affect  on  pressure  and  liead.  The  influence  of  tem- 
perature on  density  is  considered  below. 

DEK8ITY  OF  WATERS. 

Variations  due  to  temperature, — Water  expands  about  4.8  per  cent 
when  heated  from  its  point  of  greatest  density  (39.2°)  to  the  boiling 
point  and  gives  rise,  in  the  case  of  long  columns,  to  notable  variations 
of  volume  and  density.  The  difference  in  weight  of  cold  and  warm 
columns,  and  the  resultant  increase  in  the  length  of  the  latter,  has 
been  cited  as  an  important  factor  in  deep  circulation,  especially  at  the 
Sea  Mills  of  Cephalonia."  The  considerable  streams  which  leave  the 
ocean  at  this  point  and  disappear  into  limestone  crevices  at  sea  level 
can  only  regain  the  surface  at  equal  or  higher  levels.  This  result  can 
apparently  be  attained  only  through  the  action  of  temperature  or 
some  other  force  that  affects  the  density. 

Variations  due  to  dissolved  salts. — Besides  temperature,  the  weight 
of  water  depends  largely  upon  composition,  the  weight  increasing 
materially  according  to  the  amount  of  mineral  matter  in  solution. 
Sea  water  has  a  specific  gravity  of  1.027  as  compared  with  1,  the 
specific  gravity  of  fresh  water,  from  which  it  follows  that  a  column  of 
salt  water  100  feet  in  height  will  support  nearly  103  feet  of  fresh 
water.  P^ven  allowing  for  only  relatively  slight  variations  in  density 
we  have  sufficient  differences  in  pressure  to  produce  circulation. 
This  is  thought  to  be  a  more  effective  cause  than  temperature  in  pro- 
ducing the  circulation  at  the  Sea  Mills  of  Cephalonia  mentioned 
above.  ^ 

Variations  due  to  suspended  solids, — The  action  is  similar  to  that 
of  dissolved  mineral  matter,  but  is  usually  much  more  pronounced. 
It  is  besi  illustrated  by  certain  phenomena  exhibited  in  the  jet  process 
of  well  drilling,  in  which  clear  water  is  forced  under  pi'essure  down 
a  small  tube  inside  a  larger  one,  the  materials  detached  by  the  current 
being  carried  to  the  surface  in  the  space  between  the  inner  pipe  and 
the  outside  casing.  When  the  pressure  is  removed  from  the  small 
tube  the  water  is  often  found  to  rise  in  it  materially  above  the  height' 
of  the  well  and  to  flow  for  some  moments  at  elevations  several  feet 
above  the  surface,  the  water  between  the  inner  and  outer  tube  sinking 
at  the  same  time.  This  peculiar  action  seems  to  be  due  entirely  to 
the  high  density  of  the  mud-  or  sand-laden  waters  in  the  large  tube  as 
compared  with  the  clear  and  lighter  water  in  the  inner  pipe. 

«  Crosby,  V.  W.,  and  i'rosby,  W.  O..  Tech.  Quarterly,  vol.  1),  1890.  pp.  6-2.".. 
*  Fuller,   M.   L..  Conditions  of  eirculatlon  at  the  Sea  Mills  of  Cephalonia:  Bull.  Geol. 
Soc.  America,  vol.  18,  pp.  221-232. 
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HEIGHT  OF  ADJACENT   WATEH  LEVELS. 

Water  table, — The  height  of  the  water  table  over  any  point  in  an 
artesian  system  may  exert  a  material  influence  on  the  pressure.  In 
fact,  this  may  be  a  far  more  important  factor  than  the  pressure  trans- 
mitted from  the  more  remote  catchment  area.  This  action  has  been 
discussed  in  gi'eater  detail  on  page  24. 

The  level  of  the  water  table  is  controlled  by  a  great  number  of  fac- 
tors, among  which  may  be  mentioned  the  amount  of  rainfall,  the 
amount  of  evaporation,  and  the  porosity  of  materials.  The  ground 
water  does  not  usually  respond  at  once  to  the  rainfall,  owing  to 
the  length  of  time  that  the  water  requires  to  penetrate  the  unsat- 
urated upper  materials;  nor  floes  the  rise  correspond  in  amount  to  the 
precipitation,  l>ecause  of  losses  by  evaporation,  absorption  by  vegeta- 
tion, and  the  retention  of  a  portion  in  the  unsaturated  zone.  In  very 
heavy  rainfall  a  saturated  zone  may  be  formed  at  the  surface,  con- 
stituting a  temporary  perched  water  table,  when  the  main  water  table 
may  be  affected  almost  innnediately  owing  to  the  transmission  of 
pressure  by  the  air  confined  beneath  the  saturated  layer. 

Neighboring  water  bodies,  etc. — The  level  of  lakes  and  streams  is 
commonly  a  function  of  the  height  of  the  ground  water  in  the  vicin- 
ity, but  sometimes  the  reverse  is  true  and  the  ground-water  level  be- 
comes a  function  of  the  level  of  the  water  bodies  on  the  surface.  The 
latter  may  also  in  some  cases  influence  to  considerable  extent  the 
pressure  on  underlying  confined  waters. 

The  effects  of  surface  water  bodies  on  the  underground  waters^  may 
be  summarized  as  follows: 

Effeetn  of  height  of  nurfaee  water  bodies  on  underground  unite rs. 

I.  Chaiig(»s  of  jn*oiin(l- water  levels. 

1.  Changes  due  to  variation  of  level  of  surface  streams  receiving  ground- 

water discbarge. 

2.  Changes  due  to  movements  away  from  surface  water  l)odies. 

II.  Variations  of  pressure  on  confineil  waters. 

1.  Changes   due   to   communication    l)etween    surface   and    underground 

water  Imdles  through  intervening  t)eds. 

a.  Conununication  through  joints  and  otlicr  passjiges. 

b.  Communication  through  the  body  of  the  intervening  l)eds. 

2.  Changes  due  to  transmission  of  pressure  through  intervening  beds. 
.'{.  Changes  due  to  i)lastic  deformation. 

The  cause  of  the  changes  of  ground-water  levels  resulting  from 
variations  in  the  height  of  the  surface  water  bodies  which  receive 
the  underground  drainage  is  apparent.  When  such  bodies  are  low 
the  movement  of  ground  waters  is  accelerated  and  the  water  table 
depressed,  while  when  they  are  high  the  underflow  is  slackened  and 
the  water  table  elevated. 
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In  pronounced  rises  of  the  water  levels  in  surface  bodies  due  to 
floods,  tidal  fluctuations,  banking  of  watei's  under  the  action  of 
strong  winds,  or  to  other  causes  arising  from  conditions  developing 
outside  of  the  immediate  area  affected,  the  ground  water  is  no  longer 
able  to  issue  at  its  normal  level.  In  fact  the  rising  waters  act 
primarily  as  a  dam,  raising  the  level  of  discharge  of  the  ground 
waters  and  ponding  them  up  like  the  backwater  behind  an  artificial 
dam.  When  the  rise  is  more  rapid  than  in  the  inflowing  ground 
water  an  actual  outward  movement  from  the  surface  body  may  take 
place,  producing  a  corresponding  rise  of  the  ground  water. 

Another  effect  of  the  rise  of  surface  waters  is  a  downward  pene- 
tration of  such  water  (due  to  the  increased  pressure)  through  the 
underlying  retaining  beds  into  more  porous  water  beds  below.  This 
takes  place  in  part  through  joints  and  similar  passage^s,  which  are 
present  even  in  soft,  unconsolidated  clays,  and  in  part,  perhaps, 
through  the  body  of  the  material  itself.  In  either  case  a  very  slight 
movement  is  sufficient  to  produce  a  pronounced  rise  in  the  waters  of 
wells.  Considering  an  area  1,000  feet  square,  a  downward  water 
movement  of  only  one  one-thousandth  of  a  millimeter  through  a  clay 
or  other  capping  would  be  equivalent  to  a  rise  of  approximately  25 
feet  in  a  single  well,  or  1  foot  in  25  wells. 

The  transmission  of  pressure  through  the  so-called  impervious  beds 
is  probably  sometimes  a  factor  of  artesian  head,  even  though  no 
movement  of  water  through  the  beds  takes  place.  Some  quicksands, 
although  they  will  yield  little  or  no  supplies  to  a  well,  often  carry 
from  30  to  50  per  cent  of  water,  some  of  which  is  in  supercapillary 
openings  and  hence  is  capable  of  transmitting  hydrostatic  pressure 
even  when  motion  is  prevented  by  excessive  friction  (using  the  term 
in  its  broader  sense-  to  include  the  resistance  of  inertia  as  well  as  the 
resistance  to  motion). 

Still  another  result,  which  nuiy  be  more  common  than  is  usually 
suspected,  is  the  increase  of  pressure  on  confined  waters,  due  to  the 
plastic  deformation  of  impervious  l>eds  under  the  varying  loads 
resulting  from  changes  in  th^  water  level  of  overlying  streams,  lakes, 
or  the  sea.  This  is  esi)ecially  noticeable  in  wells  along  the  sea  coast, 
which  commonly  fluctuate  with  the  tide,  even  though  the  water  hori- 
zon lies  deep  below  the  surface  and  is  separated  from  it  by  thick 
beds  of  impervious  clays,  etc.  The  figures  applying  to  the  downward 
water  movement  in  the  preceding  paragraph  are  equally  applicable 
to  deformation  and  emphasize  the  slight  amounts  necessary  to  ac- 
count for  the  observed  fluctuations  in  wells. 
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BOOK  PRE88XTEE. 

In  addition  to  the  deformation  of  the  nature  described  in  the  pre- 
ceding jjaragraph,  pressure  may  be  exerted  by  virtue  of  the  weight 
of  the  overlying  materials  alone.  This  is  probfibiy  not  a  common 
factor,  but  extensive  sinkings  of  the  ground  have  followed  the  pump- 
ing of  water  from  mines  and  the  withdrawal  of  the  support  afforded 
by  hydrostatic  pressure,  indicating  that  the  rock  pressure  on  the 
water  must  have  been  considerable,  at  least  locally. 

In  the  process  of  warping  and  folding  the  pressure  of  the  rocks 
on  the  waters  in  their  joints  or  other  openings  may  often  be  impor- 
tant, especially  when  the  disturbance  is  accompanied  by  faulting. 
Considerable  quantities  are  excluded  from  such  openings  during 
earthquakes,  and  it  is  probable  that  the  action  underground  is  of 
much  greater  extent  than  the  surface  manifestations. 

FACTORS  MAINLY  AFFECTING  WATER  MOVTEMENTS. 

The  principal  factors  affecting  underground  water  movements  are 

porosity,  size  of  grain  or  openings,  and  temperature.    The  first  and 

second  are  factors  of  capacity,  while  all  three  are  factors  of  friction. 

Their  action  is  not  wholly  on  movement,  but  through  friction  they 

have  a  decided,  though  indirect,  influence  on  pressure.     From  the 

formula  of  velocity  as  computed  by  Allen  Hazen  °  the  following  ex- 

rl 
pression  for  loss  of  head  is  obtained :   A=     ig  /  70-L  mtV 

In  this  formula  h  is  the  loss  of  head,  v  the  velocity  in  meters  daily, 
I  the  distance  through  which  the  water  passes,  e  a  constant  factor,  ap- 
proximately 1,000,  d  the  effective  size  of  grain  in  millimeters,  and  t  the 
temperature  on  the  centigrade  scale.  For  velocity  the  formula 
becomes : 

v  =  ccP-j{.70+.0St) 

From  these  formulae  it  appears  that  high  porosities,  large  grains, 
and  high  temperatures  all  accelerate  water  movement.* 

REQUISITES  OP  ARTESIAN^  FliOWS, 

Having  outlined  the  more  important  conditions  bearing  on  the 
occurrence  and  movements  of  underground  waters,  we  are  in  a  posi- 
tion to  discuss  the  controlling  factors  of  artesian  flow.  In  doing 
this  it  is  necessary  to  point  out  some  of  the  objections  to  certain  of 
the  commonly  pastulated  requisites. 

•  Some  physical  properties  of  sands  and  gravel :  Rept.  Mnssacbiisetts  State  Board  of 
Health,  1892.  p.  541. 

*  For  a  detailed  description  of  the  action  see  paper  by  C.  S.  Sllchter  on  The  motion  of 
underground  waters :  Water-Sup.  and  Irr.  Paper  No.  67,  U.  S.  Geol.  Survey. 

3698— Bull.  311)— 08 3 
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OBJECTIONS  TO  COMMON  REQUISITES. 

Since  the  appearance  in  1885  of  the  paper  of  T.  C.  Chamberlin  on 
the  "  Requisite  and  qualifying  conditions  of  artesian  wells  "  <»  a  single 
set  of  requisites  has,  with  one  or  two  exceptions,  been  followed  by 
writers  of  undergi"ound  water  papers.  These,  in  brief,  are  as  follows : 
(1)  A  pervious  stratum  to  permit  the  entrance  and  the  passage  of 
water;  (2)  a  water-tight  bed  below  to  prevent  the  escape  of  water 
downward;  (3)  a  like  impervious  bed  above  to  prevent  the  escape 
upward,  for  the  water,  being  under  pressure  from  the  fountain  head, 
would  otherwise  find  relief  in  that  direction;  (4)  an  inclination  of 
these  beds,  so  that  the  edge  at  which  the  waters  enter  will  be  higher 
than  the  surface  at  the  well;  (5)  a  suitable  exposure  of  the  edge  of 
the  porous  stratum,  so  that  it  may  take  in  a  sufficient  supply  of  water : 
(6)  an  adequate  rainfall  to  furnish  this  supply;  and  (7)  an  absence 
of  any  escape  for  the  water  at  a  level  lower  than  the  surface  at  the 
well. 

There  is  one  very  serious  objection  to  the  requisites  outlined  above, 
namely,  they  apply  only  to  a  single  class  of  flows — those  from  strati- 
fied rocks-:-and  neglect  not  only  flows  from  other  varieties  of  rock, 
but  even  other  types  of  flow  from  the  same  rocks.  There  are,  more- 
over, many  exceptions  to  the  postulated  requisites,  which,  taken  in 
connection  with  the  limitations  mentioned,  make  new  and  more  com- 
prehensive definitions  desirable.  Some  of  the  objections  to  the  requi- 
sites are  mentioned  below. 

Pervious  stratum, — A  pervious  stratum,  although  a  common  form 
of  reservoir,  is  seldom  essential  to  artesian  flows.  In  addition  to 
the  porous  stratum  postulated  by  the  first  requisite,  flows  may  be  ob- 
tained from  lamination,  bedding,  cleavage,  and  shearing  planes,  from 
solution  passages  and  mechanically  eroded  reservoirs,  from  vesicular 
zones  in  igneous  rocks,  from  irregular  joint  and  fault  fractures,  and 
from  vein  and  igneous  contacts.  Metamorphic  and  igneous,  as  well 
as  stratified  rocks  not  only  may,  but  actually  do,  yield  flows  at  a  large 
number  of  places;  at  many  others  the  water  falls  only  a  few  feet 
short  of  the  surface;  while  in  practically  all  wells  the  waters  rise 
materially  when  encountered — that  is,  are  truly  artesian. 

With  the  exception  of  the  vesicular  lavas  the  sources  of  water 
mentioned  are  not  in  the  nature  of  beds,  but  are  in  the  form  of  actual 
openings,  a  type  of  passage  not  recognized  in  the  older  requisites. 

Impervious  bed  below, — In  view  of  the  nature  of  the  reservoirs 
mentioned  in  the  preceding  paragraph  and  discussed  in  greater  detail 
on  pages  8-15  it  is  apparent  that  the  second  requisite — the  imper- 
vious underlying  stratum — loses  much  of  its  force.     Such  impervious 


•  Fifth  Ann.  Rep.  U.  S.  Geol.  Survey,  pp.  125-173. 
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beds  are,  it  is  true,  adjuncts  to  many  flows  in  stratified  rocks,  but 
numerous  other  agents  may  serve  the  same  purpose.  In  bedded  rocks 
the  following  may  be  mentioned:  Stratification,  friction,  mineral 
crusts,  frost  zones,  confined  air  and  gas,  fresh  or  salt  water,  cementa- 
tion, heat  and  pressure.  In  jointed  and  fractured  rocks  impervious 
foot  walls,  vein  fillings,  converging  walls,  interrupted  joints,  fresh 
and  salt  water,  heat  and  pressure  are  the  most  important.  Discus- 
sions of  the  agents  in  bedded  rocks  will  be  found  on  pages  24-25  and 
of  jointed  and  fractured  rocks  on  page  27. 

Imperviaus  bed  abone. — The  objections  to  the  postulation  of  an 
upper  impervious  bed  are  similar  to  those  of  the  lower  confining 
bed  just  enumerated.  In  the  bedded  rocks  the  following,  in  addition 
to  the  postulated  impervious  stratum,  may  serve  as  confining  agents : 
Stratification,  friction,  mineral  crusts,  frost  zones,  confined  air  and 
gas,  fresh  water,  and  sea  water.  In  the  jointed  and  fractured  rocks 
the  impervious  hanging  wall,  impervious  surface  coverings,  frost  and 
vein  fillings,  weathering  products,  converging  walls,  interrupted 
joints,  and  sea  water  may  be  mentioned  in  addition.  For  a  discussion 
of  these  agents  see  pages  21-24,  26-27. 

Inclination  of  beds. — Inclination  of  the  water-bearing  bed,  while 
a  common  factor  of  artesian  flows,  is  by  no  means  essential.  At  many 
places  water  appears  to  penetrate  lenses  of  sandstone  in  rocks,  like 
those  of  the  Carboniferous  of  Pennsylvania,  through  joints  and  sim- 
ilar openings,  and  flows  may  be  obtained  independent  of  any  inclina- 
tion of  the  bed  affording  the  water.  The  same  is  true  of  the  horizon- 
tal beds  yielding  flows  by  virtue  of  the  opposition  of  the  stratification 
planes  to  upward  movements,  as  described  on  page  22.  Joint  and 
solution  passages  also  afford  artesian  flows  independent  of  any  in- 
clination at  the  point  penetrated. 

In  both  bedded  and  crystalline  rocks  the  pressure  must  of  course 
be  transmitted  from  connecting  passages  or  other  water  reservoirs  at 
higher  levels,  but  the  supply  itself  does  not  necessarily  come  from  a 
higher  level,  since  besides  the  downward  moving  meteoric  waters, 
sea  waters,  waters  chemically  or  physically  excluded  from  the  crust, 
and  waters  excluded  directly  from  the  centrosphere  or  indirectly 
through  magmatic  intrusions  all  furnish  supplies.  These  sources  are 
discussed  on  pages  17-20. 

Outcrop  of  porous  stratum. — The  postulated  suitable  exposure  of 
the  edge  of  the  porous  stratum  so  that  it  may  take  in  a  sufficient  sup- 
ply of  water,  though  a  common,  is  likewise  far  from  an  essential 
factor  of  artesian  flows.  The  horizontal  sandy  beds  from  which  the 
flows  are  obtained  in  Long  Island  and  Michigan,  as  described  on 
page  22,  nowhere  outcrop,  the  water  penetrating  directly  downward 
through  the  overlying  layers.  It  is  believed  that  in  many  other 
places  the  water  and  pressure  are  communicated  to  the  deep-lying  por- 
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ous  beds  through  joints  rather  than  from  remote  outcrops.  More- 
over, throughout  extensive  areas  of  the  Sihirian,  Devonian,  and  Car- 
boniferous rocks  in  Pennsylvania,  West  Virginia,  and  Ohio,  in  the 
areas  underlain  by  Cretaceous  beds  near  Fort  Monroe,  Va.,  in  the 
region  about  Wilmington,  X.  C,  and  in  many  lesser  areas  elsewhere, 
the  deep  artesian  waters  appear  to  represent  originally  included  sea 
waters  and  not  waters  entering  at  the  outcrops.  '  Other  sources,  in- 
cluding waters  derived  from  the  crust  by  chemical  or  physical  exclu- 
sion or  by  direct  or  magmatic  exclusion  from  the  centrosphere,  may 
furnish  artesian  supplies  independent  of  the  conditions  of  outcrop. 
(See  pp.  17-20.) 

Adequate  rainfall. — Since  the  salt  waters  of  the  Carboniferous  and 
Coastal  Plain  rocks  just  described,  as  well  as  magmatic  waters,  are 
actually  derived  over  extensive  areas  from  sources  other  than  rainfall, 
it  is  clear  that  rainfall  should  not  be  regarded  as  an  absolute  requisite 
to  artesian  flow. 

Points  of  escape. — There  are  very  few  artesian  systems  in  which 
there  is  not  more  or  less  leakage.  In  the  thicker  and  more  persistent 
beds  the  leakage  is  often  sufficient  to  insure  circulation  for  long  dis- 
tances from  the  outcrop.  Thus,  in  the  Cretaceous  beds  beneath 
Charleston,  S.  C,  and  Savannah,  Ga.,  fresh  water  has  replaced  salt 
water  at  least  as  far  as  the  seacoast,  or  over  a  distance  of  more  than 
100  miles  from  their  outcrop.  At  Fort  Monroe,  Va.,  and  at  Wilming- 
ton, N.  C,  on  the  other  hand,  there  appears  to  be  but  little  leakage, 
and  the  fresh  water  circulation  is  much  less  extensive,  only  salt  water 
being  obtained  at  the  localities  mentioned.  The  absence  of  leakage 
appears  to  have  determined  the  presence  of  salt  waters  in  the  oil- 
bearing  rocks  of  Pennsylvania  and  elsewhere. 

In  order  that  leakage  may  prevent  flows,  it  must  take  place  near  the 
point  at  which  the  water  horizon  is  tapped.  Chamberlin  and  others 
have  shown  that  its  influence  is  limited,  and  the  requisites  should 
therefore  postulate  the  absence  of  near-by  leakage  rather  than  the 
entire  nonoccurrence  of  leakage. 

ESSENTIALS  OF  ARTESIAN  FLOWS. 

The  essentials  of  artesian  flows,  as  recognized  by  the  writer,  are  as 
follows : 

1.  An  adequate  source  of  water  supply. 

2.  A  retaining  agent  offering  more  resistance  to  the  passage  of 
water  than  the  well  or  other  opening. 

3.  An  adequate  source  of  pressure. 

The  first  requisite  is  not  made  specific  as  regards  source,  because, 
as  has  been  pointed  out,  artesian  waters  are  not  derived  from  a  single 
but  from  a  variety  of  sources.     The  second  requisite — the  retaining 


Digitized  by  VjOOQIC 


REQUISITES   OF   ARTESIAN    FLOWS.  37 

agent^ — may  be  a  stratum,  a  vein  or  dike  wall,  a  joint,  fault,  or  other 
fracture  plane,  a  water  layer,  or  some  one  of  a  variety  of  other  agents. 
(See  pp.  20-27.)  The  pressure,  although  primarily  due  to  varia- 
tions in  level  in  the  different  parts  of  the  artesian  system,  may  be 
transmitted  in  so  many  ways  and  is  subject  to  so  many  modifying 
factors  that  the  postulation  of  a  sj^ecific  cause  is  impracticable. 

MODIFYING  FACTORS. 

It  is  believed  that  the  three  factors  stated  in  the  preceding  para- 
graph are  all  that  can  be  considered  as  essential  to  artesian  flows,  all 
other  postulated  requisites  being  in  reality  modifying  or  accessory 
rather  than  essential  factors.  These  secondare'  factors  may  be  classi- 
fied as  follows: 

Secondary  factors  of  artesian  fows, 

I.  Hydrostatic  factors  (relating  to  pressure  and  movement). 

1.  Factors  mainly  affecting  pressure. 

a.  Barometric  pressure. 

b.  Temperature. 

c.  Density. 

d.  Roclc  pressure. 

2.  Factors  mainly  affecting  movement. 

a.  Porosity. 

b.  Size  of  ix)res  or  openings. 

c.  Temperature. 

II.  (ieologlc  factors  (relating  to  reservoir). 

1.  Character  of  reservoir. 

2.  Retaining  agents. 

3.  Structure  of  reservoir. 

4.  ToiX)graphic  conditions. 

5.  Conditions  relating  to  supply. 

n.  Catchment  conditions, 
b.  Condition  of  underground  feed. 
G.  Conditions  of  leakage. 

The  action  of  the  various  factors  has  already  been  indicated  in  con- 
nection with  the  foregoing  discussion  and  no  further  statements  are 
necessary. 

TYPICAL    ARTESIAN    SYSTEMS. 

In  closing  attention  may  be  called  to  a  number  of  the  more  com- 
mon types  of  artesian  systems.  The  artesian  basin  is  the  one  most 
commonly  figured,  but  in  reality  it  is  far  less  common  than  the 
artesian  slope.  Artesian  flows  from  uniform  horizontal  beds  appear 
to  be  common  in  many  places,  especially  in  the  drift  deposits  of 
Michigan,  but  the  areas  of  such  flows  in  a  single  locality  are  limited. 
Flows  from  bedding  planes  appear  to  be  not  infrequent  in  the  denser 
rocks,  in  which  the  beds  themselves  are  not  porous,  but  they  depend 
on  local  conditions,  and  the  flows  can  seldom  be  predicted.    Flows 
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from  solution  passages  appear  to  be  fairly  common,  notwithstanding 
the  local  character  of  the  passages.  The  necessary  confinement 
doubtless  results  from  constrictions  of  the  openings  due  to  local  zones 
of  relatively  insoluble  rock,  to  clogging  by  debris  entering  through 
sinks,  to  the  caving  of  the  walls,  to  the  accumulations  of  silt  in  the 
more  sluggish  passages,  etc.  Flows  from  lamination  planes  appear 
to  occur  in  certain  shales  and  slates,  while  joints  furnish  one  of  the 
most  widely  prevalent  types  of  artesian  systems  in  the  country.  In 
fact  practically  all  crystalline  rocks,  both  igneous  and  metamorphic, 
as  well  as  the  jointed  types  of  sedimentary  rocks,  contain  water  under 
strong  artesian  pressure ;  and  while  flows  are  not  abundant  they  are 
found  at  short  intervals  throughout  the  Piedmont  Plateau  of  the  east- 
ern United  States  and  will  doubtless  eventually  be  discovered  at  many 
other  points  where  such  rocks  occur  at  the  surface. 

The  following  diagrams  will  serve  better  than  descriptions  to  indi- 
cate the  nature  of  some  of  the  more  common  artesian  systems. 

•      ABTS8IAK  BA8DI. 

The  section  shown  in  fig.  4  presents  a  set  of  conditions  that  occur 
in  typical  form  in  the  Dakota  sandstone  basin. 


Fig.  4. — Section  of  an  artesian  basin.  A,  Porous  stratum  ;  B,  C,  impervious  beds  below 
and  above  A,  acting  as  confining  strata  ;  F,  beigbt  of  water  level  in  porous  beds  A,  or, 
in  otber  words,  beigbt  in  rpHervoir  or  fountain  bead ;  D,  E,  flowing  wells  springing 
from  the  porous  water-filled  bed  A. 

ABTE8IAK  SLOPE. 

Fig.  5  shows  a  section  of  an  artesian  slope  such  as  may  be  found  in 
the  Atlantic  Coastal  Plain.     The  dike  shown  in  the  figure,  however, 


Fio.  5. — Section  of  an  artesian  slope,  a.  Water  bed  cut  off  by  unconformity ;  h,  beds  cut 
off  by  dike ;  c,  bed  in  wbicb  friction  is  tbe  only  obstruction  to  downward  motion ; 
d,  porous  bed  changing  to  impervious ;  e,  bed  pinching  out  farther  to  the  right. 

does  not  usually  occur  in  this  area,  although  probable  instances  of 
such  penetration  occur  in  Georgia. 
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The  deep  valleys  occupied  by  the  harbors  of  northern  Long  Island 
and  some  of  the  deep  valleys  in  drift  in  northern  Michigan  present 
artesian  conditions  similar  to  those  illustrated  in  fig.  6. 


Fig.    6. — Section    Illustrating    conditions    goyernlflg    flows    from    unconflned    horizontal 
sands,  t.  Till ;  g,  coarse  sand  and  gravel ;  tr,  well. 


BSSDIHO  PLAVS8. 


Conditions  of  artesian  flow  from  horizontal  bedding  planes,  fed 
by  joints,  are  illustrated  in  fig.  7.  A  possible  example  of  such  condi- 
tions is  afforded  by  the  waters  of  the  Trenton  limestone  in  south- 
western Ohio. 


Fk;.  7. — Section  illustrating  conditions  of  flow  from  horizontal  bedding  planes,  etc.,  fed 
by  Joints.  .1,  Water-bearing  Joints  (indicated  by  the  heavier  lines)  ;  B,  bedding  pianes 
between  limestone  and  compact  Jointed  rocks  fed  by  Joints  at  A  and  B;  C,  bedding 
plane  between  shale  and  compact  Jointed  rocks  with  local  circulation  only ;  D,  l^eddlng 
plane  fed  from  sandstone  bed ;  E,  sandstone  bed  fed  by  Joints.  1,  Flowing  well  from 
bedding  plane  between  limestone  and  compact  Jointed  rocks;  2,  dry  hole  (no  circula- 
tion along  bedding  plane)  ;  3,  flowing  well  from  bedding  plane  fed  from  sandstone. 

SOLUTION  PA88AOE8. 

Some  of  the  artesian  flows  of  the  Vicksburg  limestone  of  the  At- 
lantic Coastal  Plain  and  of  the  Mississippian  limestone  of  Kentucky 
may  be  cited  as  possible  examples  of  flows  from  solution  passages  in 
limestone,  illustrated  in  fig.  8. 


Fio.  8. — Section  Illustrating  conditions  of  flow  from  solution  passages  in  limestone. 
A,  Brecclated  zone  (due  to  caving  of  roof),  serving  as  confining  agent  to  waters  reached 
by  well  1  ;  B,  silt  deposit  filling  pas8,a)te  and  acting  as  confining  agent  to  waters  reached 
by  well  2 :  C,  surface  d^ris  clogging  channel  and  confining  waters  reached  by  well  3 ; 
D,  pinching  out  of  solution  crevice  Resulting  in  confinement  of  waters  reached  by  well  4. 
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7B08T  OB  ynrERAT.  OSUSTS. 

The  conditions  of  flow  from  beneath  a  frozen  zone  or  mineral  crust 
are  represented  in  fig.  9.  An  example  is  seen  in  some  of  the  open  wells 
that  overflow  in  spring. 


Fic.  0. — Section  illustrating  conditions  of  flow  from  l)eneath  frozen  zone  or  mineral  cnist. 
C8,  Frost  zone  or  mineral  crust  formed  at  surface  of  water  table  when  at  i)08ition 
ACS;  B,  position  of  water  table  under  increased  rainfall;  W,  flowing  well  resulting 
from  confinement  of  water  due  to  rise  of  head  from  A  to  B. 

YESIOXTLAK  TRAP. 

Fig.  10  illustrates  conditions  of  flow  from  vesicular  trap.  Some 
of  the  wells  penetrating  the  traps  of  the  Newark  group  may  be  pos- 
sible examples. 


Fio.  10. — Section  illustrating  conditions  of  flow  from  vesicular  trap.     A,  Vesicular  zone 

feeding  well  1. 

WEATHERED  R0GK8  BENEATH  0LAY8. 

The  "  lake  bed"  area  of  southeastern  Michigan  furnishes  an  in- 
stance of  the  conditions  of  flow  shown  in  fig.  11. 


Fio.  11. — Section  Illustrating  conditions  of  flow  from  Joints,  cracks,  and  solution  pas- 
sages in  stratified  rocks  covered  by  imperyious  clays  and  fed  from  morainal  drift. 
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Artesian  conditions  in  jointed  crystalline  rocks  without  surface 
covering  are  represented  by  the  flowing  wells  in  the  granites  of  Maine 
and  New  Hampshire  and  are  illustrated  in  fig.  12. 


Fig.  12. — Section  illustrating  artesian  conditions  in  Jointed  crystalline  rocks  without 
surface  covering.  A,  C,  Flowing  wells  fed  by  Joints ;  B,  intermediate  well  between  A 
and  C  of  greater  depth,  but  with  no  water ;  D,  deep  well  not  encountering  Joints ;  E, 
pum|f  well  adjacent  to  D,  obtaining  water  at  shallow  depths ;  8,  dry  bole  adjacent 
to  a  spring,  showing  why  wells  near  springs  may  fall  to  obtain  water. 

BASnrS  FED  BY  JOIKTS. 

Many  of  the  basins  between  mountain  ranges  throughout  the  arid 
West  illustrate  the  conditions  of  flow  shown  by  fig.  13. 


Fig.  13. — Section  illustrating  conditions  of  flow  in  alluvlum-fllled  basins  fed  by  Joints. 
1  and  2,  Flowing  wells  from  gravels  beneath  silts,  fed  from  Joints  that  carry  water 
from  surrounding  mountains. 

JODfT  WATSK8  OOVTUXED  BY  ALLuviuM. 

The  confinement  of  water  in  joints  by  valley  silts,  illustrated  in  fig. 
14,  occurs  in  many  of  the  valleys  of  the  Atlantic  Piedmont  Plateau. 


Fig.  14. — Section  illustrating  confinement  of  water  in  Joints  by  valley  silts.  1,  Flowing 
hillside  well  resulting  from  obstruction  of  lower  outlet  by  valley  silts ;  2,  valley  well 
failing  to  secure  supplies  because  of  action  of  silts  in  preventing  entrance  of  water  into 
the  Joints. 
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CONTROLLING  FACTORS   OF  ARTESIAN    FLOWS. 
JOIHT  WATBB8  OOKFXKSD  BT  8XA  WATER. 


Fig.  15  presents  a  section  illustrating  the  action  of  salt  water  as  a 
confining  agent.  Some  of  the  low  flowing  welh>  near  the  coast  of 
Maine  and  New  Hampshire  may  be  cited  as  possible  examples. 


Fig.  15. — Section  illustrating  action  of  salt  water  as  a  confining  agent,  etc.  8L,  Sea 
level ;  A,  open  Joint  bringing  down  fresh  water ;  B,  open  Joint  communicating  pressure 
from  heavier  salt  water ;  W,  well  slightly  above  sea  level,  obtaining  flow  in  conse- 
quence of  slight  rise  in  head  resulting  from  slightly  greater  pressure  of  water  in 
Joint  B  as  compared  to  the  water  column  In  the  well,  due  to  the  higher  specific  gravity 
of  the  salt  water. 

FOLIATION  PLAHB8. 

The  section  shown  in  fig.  16  illustrates  the  conditions  of  flow  from 
foliation  and  schistosity  planes,  examples  being  found  in  the  flows 
from  upturned  schistose  slates  in  Maine. 


Fio.  16. — Section  illustrating  conditions  of  flow  from  foliation  and  schistosity  planes. 
A,  Foliation  plane  feeding  flowing  well  1. 


FAULT  Airi)  OOVTAOT  PLANES. 


Possible  conditions  of  flows  from   fault   and   contact  planes  are 
shown  in  ideal  section  in  fig.  17.    Poland  Springs,  Maine,  presents 
.  an  example  of  such  conditions. 


aJJ^^*"^     Iv  V-7 


Fio.  17. — Ideal  section  illustrating  possible  conditions  of  flow  from  fault  and  contact 
planes.  A,  Reverse  fault  aflTording  pump  water  to  well  1,  but  no  flow ;  B,  sheet  zone 
due  to  normal  faulting  feeding  flowing  well  2 ;  C,  crushed  zone  due  to  normal  faulting 
yieldhig  water  to  well  .3 ;  D,  simple  normal  fault  feeding  well  4  ;  E,  vein  affording 
water  from  contact  to  well  5 ;  F,  dike  affording  water  from  contact  to  well  6.  C,  E, 
or  F,  may  also  be  conceived  to  represent  sandstone  dikes  which  may  under  certain 
conditions  become  important  artesian  reservoirs. 
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THE  DOWNTOWN  DISTRICT  OF  LEADVILLE.  COLO. 


Bv  S.  F.  Emmons  and  J.  D.  Irving. 


INTRODUCTION. 

The  present  sketch  and  the  accompanying  map  and  sections  are 
presented  in  advance  of  publication  of  the  revised  maps  of  the  entire 
Leadville  district  because  the  underground  data  on  which  they  are 
based  have  been  in  great  measure  determined  by  the  actual  obser- 
vation of  one  or  both  of  the  two  authors  and  are  therefore  more 
readily  compiled  than  the  data  concerning  the  other  parts  of  the 
areas  mapped,  where  there  are  considerable  portions  with  regard  to 
which  the  information  is  either  less  certain  or  altogether  wanting. 
This  preliminary  publication  is  also  made  for  the  further  reason  that 
the  information  herein  contained  is  likely  to  be  more  immediately 
useful  to  those  engaged  in  mining  at  Leadville,  since,  on  account  of 
the  deep  covering  of  gravel  beds,  it  is  difficult  for  them  to  form  a 
sufficiently  clear  idea  of  the  structural  conditions  of  the  rock  mass 
beneath  to  enable  them  to  explore  to  advantage  for  new  ore  bodies. 
It  is  hoped,  moreover,  that  the  criticisms  that  may  be  made  by 
those  actually  engaged  in  mining  in  this  area,  who  will  necessarily 
be  in  possession  of  much  later  data  than  were  accessible  to  the 
authors  when  they  prepared  the  accompanying  map,  will  be  avail- 
able in  time  to  correct  any  obvious  errors  before  its  final  publication 
in  connection  with  the  general  map  of  the  whole  district.  In  pre- 
paring such  a  map  it  is  found  that  in  many  parts  of  the  area,  owing 
to  absence  of  underground  workings,  the  relative  positions  of  the 
different  rock  masses  can  be  determined  only  by  inductive  reason- 
ing from  known  facts  in  the  nearest  adjoining  explored  areas.  The 
representations  of  such  parts  are  more  or  less  in  the  nature  of  sur- 
mises and  will  be  subject  to  correction  when  those  portions  of  the 
area  are  actually  explored.  That  the  reader  may  be  able  to  judge 
of  the  relative  accuracy  of  the  maps  or  sections  sho\^nng  the  different 
portions  represented,  the  underground  workings  have  been  indicated 
in  the  cross  sections  by  full  lines  when  they  are  in  the  actual  plane 
of  the  sections  and  by  broken  lines  when  they  are  near  enough  to 
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this  plane  to  afford  accurate  deductions.  The  reader  must  therefore 
bear  in  mind  that  the  geological  outlines  given  are  accurate  in  pro- 
portion to  their  nearness  to  lines  of  underground  exploration,  and 
that  when  no  such  lines  are  represented  the  outlines  are  the  result 
of  deduction  and  are  subject  to  correction  in  greater  or  less  degree, 
according  to  their  distance  from  underground  areas  actually  explored. 
As  no  shafts  or  drill  holes  have  yet  reached  the  underground  rock 
surface  beyond  the  western  edge  of  the  area  mapped,  the  uncer- 
tainties in  the  neighborhood  of  this  line  are  necessarily  the  greatest 
of  all,  but  lessen  as  known  workings  are  approached. 

The  field  observations  on  which  this  report  is  based  and  the  maps 
and  sections  by  which  it  is  illustrated  represent  the  labors  of  both 
authors  combined,  but  the  report  itself  is  in  the  words  of  the  senior 
author,  who  alone  should  be  held  responsible  for  its  shortcomings. 

GENERAL.  GEOLOGY. 

PRINCIPAL  FEATURES. 

The  city  of  Leadville  is  situated  on  a  terrace  at  the  foot  of  one  of  the 
western  spurs  of  the  Mosquito  Range,  near  the  head  of  the  Arkansas 
Valley.  The  mines  which  have  made  the  Leadville  district  one  of  the 
most  important  producers  of  silver,  gold,  lead,  ^inc,  and  iron  in  the 
West  during  nearly  thirty  years  are  mostly  higher  up  on  the  spur, 
some  at  distances  of  2  or  3  miles  east  of  the  town.  Of  late  years,  how- 
ever, mining  developments  have  been  spreading  westward  under  the 
terrace  deposits  on  which  Leadville  stands,  and  the  present  map  and 
accompanying  text  deal  almost  exclusively  with  these  newly  developed 
deposits. 

To  those  who  are  familiar  with  the  licadville  region  any  account  of 
the  general  structure  of  the  Mosquito  Range  would  be  cjuite  super- 
fluous, but  as  there  may  be  some  among  the  readers  of  this  sketch  who 
have  not  visited  tlie  region  a  very  brief  statement  of  its  general 
features  may  be  useful. 

The  Arkansas  Valley  from  its  head  at  Tennessee  Pass  to  Salida, 
where  it  bends  to  the  eastward,  is  a  north-south  depression  of  geologic- 
ally recent  date  that  lies  between  the  Sawatch  Range  on  the  west  and 
the  Mosquito  Range  on  the  east.  The  Sawatch  is  an  oval  mass  com- 
posed entirely  of  gneisses,  granite,  and  schists,  belonging  to  the  cr^^s- 
talline  complex  on  which  the  Cambrian  and  later  sedimentary  beds 
were  deposited.  The  outcrops  of  the  Paleozoic  l)eds — the  older  por- 
tion of  the  sedimentary  series — almost  completely  encircle  the  oval, 
lying  in  somewhat  different  positions  on  the  different  sides,  but 
always  dipping  away  from  it,  showing  that  it  represents  an  older 
land  mass. 

The  Mosquito  Range  is  a  north-south  mountain  range  whose  higher 
summits  rise  to  elevations  of  13,000  and  14,000  feet,  consisting  mainly 
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of  Paleozoic  beds,  with  some  Mesozoic  beds  along  its  eastern  flanks, 
between  the  strata  of  which  an  immense  amount  of  igneous  rock,  in 
the  form  of  sheets  or  sills  and  laccoliths,  was  forced  before  the  moun- 
tains were  uplifted.  The  uplift  of  the  range  seems  to  have  been 
caused  by  some  force  acting  from  the  east  westward,  which  has  pushed 
the  sedimentary  series,  with  their  included  igneous  intrusions,  against 
the  unyielding  buttress  of  the  Sawatch  massif,  compressing  them  into 
a  series  of  asymmetrical  anticlines,  with  the  steeper  side  on  the  west, 
and,  where  the  limit  of  flexibility  of  the  rock  masses  involved  was 
reached,  breaking  them  by  a  series  of  north-south  faults.  During  the 
entire  period  of  wearing  down  by  erosion  which  has  elapsed  since  the 
uplift  commenced  the  mountains  have  been  slowly  carved  into  their 
present  form,  and  the  great  depression  of  the  Arkansas  Valley  has 
been  cut  out  approximately  along  the  old  shore  line  on  the  east  side  of 
the  Sawatch. 

In  that  portion  of  the  Mosquito  Range  in  which  the  Leadville  dis- 
trict is  situated  the  igneous  intrusions  were  unusually  abundant,  and 
in  the  dynamic  movements  which  caused  the  uplift  of  the  range 
faulting  very  greatly  predominated  there  over  folding,  so  that  the 
resulting  structure,  as  exposed  by  erosion,  is  found  to  be  remarkably 
complicated,  and  the  difficulty  of  correctly  interpreting  this  struc- 
ture has  been  greatly  enhanced  by  the  abundant  covering  of  recent 
detrital  material,  largely  glacial  sands  and  gravels,  which  cover  the 
lower  slopes. 

The  Leadville  district  is  thus  broken  by  these  faults  into  a  series  of 
fault  blocks,  in  general  marked  on  the  surface  by  higher  shoulders  on 
the  spurs,  which  have  been  locally  designated  as  hills,  such  as  Breece 
Hill,  Iron  Hill,  Carbonate  Ilill,  Fryer  Hill,  etc. 

FAULT  BLOCKS. 

As  has  been  explained  at  some  length  in  the  senior  writer's  orig- 
inal reports  on  this  region,"  the  Mosquito  Range,  on  the  western 
slopes  of  which  the  Leadville  district  is  located,  is  a  faulted-up  moun 
tain  mass  of  Paleozoic  beds,  resting  on  pre-Cambrian  granites  and 
gneisses.  The  faults  run  in  a  generally  north-south  direction,  and, 
as  shown  where  they  are  exposed  in  section  in  the  deeper  canyon 
cuts  of  the  range,  they  are  located  as  a  rule  along  the  steeper  western 
limb  of  an  anticlinal  fold.  The  zone  or  block  between  two  faults 
should  thus  have  a  synclinal  structure.  The  main  fault  along  which 
the  range  has  been  uplifted  is  called  the  Mosquito  fault,  and  where  it 
consists  of  a  single  fault  plane  it  runs  just  west  of  the  crest,  its  scarp 
forming  the  remarkably  steep  western  face  of  that  crest,  which  rises 


o  Abstract  of  report  on  geology  and  mining  industry  of  Leadvilki:  Second  Ann.  Rept.  U.  S.  Oeol. 
Survey  (1880-81).  IS^l,  pp.  201-290.  Geology  and  mining  industry  of  Leadville,  Colo.:  Mon.  U.  8. 
Gaol.  Survey,  vol.  12,  1886. 
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almost  vertically  for  several  thousand  feet.  In  the  Leadville  region, 
however,  displacement  along  this  fault  is  distributed  on  no  less  than 
six  approximately  parallel  faults,  making  as  many  fault  blocks 
between  the  Arkansas  Valley  and  the  crest.  In  the  original  report 
the  structure  of  the  blocks  immediately  adjoining  Leadville,  as  shown 
along  the  line  of  section  E,  which  runs  through  the  town  itself,  is 
given  as  follows:  ^ 

In  the  region  under  Leadville,  or  from  the  western  edge  of  the  map  to  the  Carbonate 
fault,  a  shallow  synclinal;  under  Carbonate  Hill,  or  from  the  Carbonate  to  the  Iron 
fault,  a  second  shallow  synclinal;  and  from  Iron  Hill  eastward  a  third,  in  all  of  which 
the  prevailing  dip  is  eastward,  only  a  small  portion  of  the  eastern  edge  of  the  basin 
having  a  westerly  dip.  *  *  *  The  effect  of  displacement  produced  by  the  faults 
has  been  to  lift  each  successive  block  of  ground  up  to  the  east  of  the  fault. 

Of  these  three  faulted  blocks  those  of  Iron  and  Carbonate  hills 
were  defined  to  a  certain  extent  on  either  side  by  outcrops,  or  by 
undergroimd  workings  which  had  reached  what  is  generally  called  in 
Leadville  the  *' contact, ''  or  the  upper  surface  of  the  Blue  or  Lead- 
ville limestone,  beneath  the  great  body  of  White  porphyry.  This  is 
the  important  horizon  to  be  determined,  because  beneath  it  the  miner 
may  commence  his  search  for  ore  bodies  and  because  the  average 
thickness  of  the  underlying  sedimentary  formations  down  to  the 
basement  complex  of  granite  is  well  known.  Of  the  third  block, 
which  stretches  westward  from  the  Carbonate  fault  and  in  which  the 
city  of  Leadville  is  situated,  only  the  eastern  limit  was  defined,  and 
that  somewhat  imperfectly,  by  the  outcrops  of  Blue  limestone  along 
the  west  face  of  Carbonate  Hill  and  by  the  few  shafts  that  had  dis- 
closed the  Carbonate  fault  and,  at  a  single  point,  its  parallel,  the 
Pendery  fault.  To  the  west  of  this  line  the  rock  surface  is  buried 
beneath  an  accumulation  of  gravel  beds  which  stretch  from  the  base 
of  Carbonate  Hill  in  a  gently  sloping  mesa,  about  4  miles  in  width, 
to  the  Arkansas  Valley  at  Malta,  and  whose  thickness,  inasmuch  as 
it  had  not  been  penetrated  by  shaft  or  drill  hole,  was  still  a  matter  of 
surmise,  although  it  was  estimated  to  average  at  least  400  feet.  To 
determine  the  structure  of  the  underlying  rock  masses,  and  thereby 
to  ascertain  the  extent  of  possible  ore-bearing  ground  in  this  western 
block,  constitutes  to-day,  as  it  did  when  the  original  study  was  made, 
one  of  the  most  interesting  problems  connected  with  the  geology  of 
the  Leadville  district.  It  is  somewhat  remarkable,  moreover,  that, 
considering  the  immense  amount  of  underground  exploration  that 
has  been  carried  on  in  the  district  during  the  twenty-five  years  that 
have  elapsed  since  that  time,  so  little  has  been  accomplished  toward 
determining  the  conditions  beneath  the  Wash  in  the  western  portion 
of  this  area.  Except  that  the  limit  of  actually  explored  ground  has 
been  moved  2,000  to  2,500  feet  westward,  our  knowledge  of  this 


•  Second  Ann.  Rept.  U.  8.  Geol.  Survey  (1880-81),  1882,  pp.  241-242. 
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unexplored  area  remains  in  very  much  the  same  condition  that  it 
did  in  1881.  Inasmuch,  therefore,  as  what  can  be  said  of  its  geo- 
logical structure  will  be  largely  a  matter  of  induction,  it  will  prob- 
ably be  well  to  review  briefly  the  results  obtained  by  the  reasoning 
employed  in  making  the  original  report,  to  note  how  far  they  have 
been  found  to  be  correct,  and  to  observe  to  what  extent  and  in  what 
manner  it  has  been  necessary  to  modify  them  in  the  light  of  the 
knowledge  gained  by  actual  mining  work  during  that  period. 

The  principal  modifications  that  have  thus  been  found  necessary 
in  the  original  indications  have  to  do  mainly  with  two  general  fea- 
tures, namely,  the  later  intrusive  sheets  of  Gray  porphyry  and  the 
faults.  The  probable  character  of  such  modifications  was  in  a  meas- 
ure foreseen,  but  it  would  have  been  unwise  to  attempt  to  indicate 
them  without  more  positive  knowledge  than  was  then  obtainable. 
Thus,  one  sheet  of  Gray  porphyry  only  was  indicated  as  occurring 
generally  about  the  middle  of  the  Blue  limestone,  yet  as  extending, 
in  some  places,  down  to  the  Parting  quartzite.  In  point  of  fact  more 
than  one  such  sheet  is  foimd  at  some  places,  and  crosscutting  sheets 
going  from  one  horizon  to  another  are  numerous.  Although  their 
vertical  range  is  found  to  extend  through  all  of  the  sedimentary 
series,  it  is  still  true  that  the  most  important  bodies  occur  within  the 
Blue  limestone.  As  will  be  shown  later,  these  bodies,  especially 
where  they  cut  across  the  stratification,  have  exercised  an  important 
influence  on  the  precipitation  of  ore  from  its  solutions. 

With  regard  to  the  faults,  it  has  been  found  that,  though  the  lines 
of  outcrop  of  the  principal  structural  faults  have  been  in  the  main 
correctly  indicated  on  the  original  map,  there  are  in  depth  many 
faults  of  lesser  importance,  of  most  of  which  no  indication  can  be 
seen  at  the  surface,  and  that  the  displacement  of  many  of  the  greater 
faults,  especially  in  the  lower  or  western  region,  has  been  distributed 
on  a  series  of  parallel  fault  planes,  thus  producing  step  faults.  This 
is  most  markedly  the  case  where  the  main  fault  plane  has  a  reentering 
bend  to  the  eastward. 

In  the  structure  of  the  interfault  blocks  folding  is  found  to  be  less 
prominent  than  was  indicated,  the  prevailing  dip  of  the  beds  being 
eastward,  while  it  is  only  in  the  vicinity  of  the  fault  on  the  eastern  side 
of  the  block  that  the  strata  rise  perceptibly  toward  the  east,  either  in 
a  series  of  steps  where  the  fault  is  multiple,  or  in  a  steep  slope  where 
it  is  single.  There  is  still  enough  bending,  however,  to  show  the  cor- 
rectness of  the  author's  assumption  that  the  faulting  has  been  a 
result  of  the  same  kind  of  stress  that  produced  folds,  and  that  the 
reason  that  these  gentle  folds  have  so  soon  passed  into  faults  is  prob- 
ably that  the  intrusion  of  the  great  porphyry  sheets  has  made  the 
whole  series  of  beds  less  flexible  and  more  liable  to  rupture.  Fur- 
thermore, the  fact  that  most  of  the  shafts  sunk  in  the  Graham  Park 
region  have  foimd  a  contact  within  less  than  100  feet  of  the  depth 
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indicated  on  the  original  map  sex^tions  proves  that,  under  the  cir- 
cumstances, the  synclinal  theory  was  evidently  the  safest  and  most 
logical  basis  on  which  to  construct  the  underground  structure  in 
this  block. 

For  the  unexplored  portions  of  the  western  or  Downtown  block  it 
is  judged  best  to  follow  this  general  course  of  reasoning  in  deter- 
mining the  probable  structure  of  the  sedimentary  beds  that  still  rest 
upon  the  pre-Cambrian  basement  complex  in  the  region  west  of 
Leadville. 

As  will  be  seen  by  an  examination  of  the  series  of  cross  sections 
accompanying  the  map  of  the  Downtown  area,  it  is  in  the  immediate 
vicinity  of  the  zone  of  faults  that  the  principal  uplift  of  the  Paleozoic 
beds  has  taken  place.  Where  the  fault  movement  has'  been  distrib- 
uted on  several  planes  this  uplift  has  formed  a  series  of  steps.  Where 
the  movement  was  along  a  single  plane,  as  in  the  northern  part  of  the 
Downtown  area,  there  is  a  distinct  western  dip  of  the  beds  for  a  con- 
siderable distance  from  the  fault  plane  and  a  decided  indication  of  an 
anticlinal  structure  near  the  fault.  If  there  are  no  other  important 
faults  to  the  west  of  those  shown  in  the  underground  workings — and 
we  have  no  right  to  assume  their  existence  until  they  are  actually 
proved — the  Paleozoic  beds  may  have  an  approximately  horizontal 
position,  with  a  probable  gentle  dip  to  the  east.  If  this  assump- 
tion be  correct,  the  extent  of  the  ore-bearing  horizons  to  the  west  is 
largely  dependent  on  the  slope  of  the  rock  surface  beneath  the  gravel 
beds,  since  if  this  is  steep  they  will  have  been  cut  off  by  erosion  much 
farther  to  the  east  than  if  it  nearly  corresponds  with  that  of  the  under- 
lying Paleozoic  beds.  In  the  latter  case  they  would  probably  remain 
in  very  much  the  position  in  which  they  were  left  by  tlie  preglacial 
erosion  of  the  Arkansas  Valley.  It  is  therefore  important  to  under- 
stand as  well  as  possible  the  character  and  manner  of  deposition  of  the 
gravel,  or  so-called  Lake  beds,  and  the  probable  condition  of  the  rock 
surface  at  the  time  they  were  deposited.  The  next  section  will  there- 
fore present  the  evidence  which  has  accumulated  in  late  j^ears  with 
regard  to  the.se  beds  and  the  conclusions  which  it  seems  possible  to 
draw  therefrom  as  to  the  probable  extension  of  the  Paleozoic  sedi- 
ments. 

QUATERIS^ARY  DEPOSITS. 

DISTRIBUTION    AND    CHARACTER. 

With  the  exception  of  the  alluvial  gravels  of  the  present  streams, 
the  Recent  or  Quaternary  deposits  of  the  Leadville  area  are  of  gla- 
cial origin.  The  glacial  phenomena  of  the  Mosquito  Range  in  gen- 
eral are  so  extensive  and  so  remarkably  clear  and  well  defined  that 
they  are  worthy  of  special  study,  which  the  \\Titer  would  have  under- 
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taken  in  the  original  report  but  that  the  more  strictly  economic 
phenomena  were  so  complicated  as  to  occupy  all  the  time  that  could 
be  devoted  to  the  work.  Their  proper  illustration,  moreover,  would 
have  required  a  special  map  that  would  have  rendered  more  cum- 
bersome the  already  rather  large  atlas.  In  the  absence  of  such  a  map 
no  special  chapters  were  devoted  to  these  phenomena,  which  thus 
received  a  less  adequate  geological  treatment  than  the  facts  in  his 
possession  warranted.  These  facts,  as  read  by  him,  pointed  to  the 
existence  in  this  region  of  two  distinct  glacial  epochs,  in  each  of  which 
there  were  formed  distinct  glacial  deposits  in  the  Leadville  area.  It 
was  further  assumed  that  during  the  first  glacial  epoch  the  bed  of  the 
Arkansas  River,  which  probably  had  followed  about  the  middle  of 
the  valley,  was  blocked  up  by  glacial  ice  and  morainal  gravels  issuing 
from  Lake  Creek  in  the  Sawatch  Range,  which  pushed  entirely  across 
the  valley  to  the  lower  slopes  of  the  Mosquito  Range,  and  that  in 
consequence  a  glacial  lake  must  have  been  ponded  back  in  the  Arkan- 
sas Valley  above  that  point.  When  the  water  rose  high  enough  to 
override  this  barrier  it  would  have  found  outlet  naturally  at  the  lowest 
point — the  extreme  eastern  end  of  the  barrier — and  once  started  in 
the  readily  erodable  gravels  would  have  cut  down  its  bed  in  the  same 
general  position,  even  after  reaching  the  underlying  bed  rock.  This 
would  account  for  the  fact  that  at  the  present  day  the  river  has  cut 
its  bed  several  hundred  feet  into  the  hard  rock  that  forms  the  east- 
ern spurs  of  the  Mosquito  Range  at  the  town  of  Granite  and  below. 
It  seemed  probable,  moreover,  that  the  lowest  point  in  the  rock  bed 
of  the  valley,  or  the  original  bed  of  the  Arkansas  River,  might  be 
farther  west,  under  the  morainal  gravels  that  extend  out  into  the 
valley  opposite  Twin  Lakes.  At  the  time  of  the  original  investiga- 
tion— in  1879-1881 — placer  mining  in  the  Twin  Lakes  region  was  not 
sufficiently  advanced  to  prove  the  underground  structure  by  shafts, 
but,  as  will  be  seen  later,  recent  studies  have  shown  that  this  assump- 
tion is  probably  correct. 

At  Leadville,  and  for  6  miles  down  the  valley,  the  lower  slopes  of 
the  Mosquito  Range  have  the  form  of  a  remarkably  regular  terrace 
or  mesa,  with  a  slope  of  2i°  to  3°,  that  extends  up  to  the  steeper 
rock  slopes  of  Carbonate,  Dome,  and  Long  and  Derry  hills,  as  the 
shoulders  on  the  respective  spin's  are  locally  designated.  Similar 
but  less  extensive  and  less  well-defined  terraces  occur  on  the  western 
side  of  the  Arkansas  Valley  along  the  slopes  of  the  Sawatch  Range. 
The  surface  of  these  sloping  mesas  on  the  spurs  of  the  Mosquito 
Range  were  found  to  be  made  up  of  rounded  bowlders  of  the  harder 
rocks  that  constitute  the  range,  embedded  in  a  matrix  of  gravel  and 
clay  that  was  locally  called  Wash.  Shafts  sunk  through  the  Wash 
in  these  areas  found  under  it  a  varying  thickness  of  finer-grained 
stratified  material,  which  was  approximately  coextensive  with    the 
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area  of  the  sloping  mesa.  To  this  stratified  material  the  name  ''Lake 
beds^'  was  given,  on  the  assumption  that  it  had  been  deposited  in  the 
lake  supposed  to  have  been  backed  up  in  the  upper  Arkansas  Valley 
by  the  Lake  Creek  glacier,  while  the  overlying  Wash  was  supposed 
to  be  rearranged  morainal  material  that  had  been  washed  down  by 
the  floods  that  resulted  from  the  melting  of  the  ice  during  the  retreat 
of  the  earlier  glaciers.  Over  the  beds  thus  deposited  the  lateral 
moraines  of  the  glaciers  of  the  second  glacial  area  extend  in  well- 
defined  ridges,  some  of  them  over  a  mile  in  length,  which  are  thus 
readily  distinguished  from  the  material  deposited  during  the  first 
glacial  epoch. 

The  method  of  representation  and  the  treatment  of  these  deposits 
in  the  original  report  was  admittedly  not  scientific  nor  logical,  since  on 
the  general  map  of  the  Mosquito  Range  the  whole  area  underlain  by 
Lake  beds  was  represented  by  the  color  of  that  fonnation ;  whereas, 
in  point  of  fact,  the  surface  is  in  part  covered  by  moraines  of  the 
second  period,  and  over  the  whole  is  a  surface  coating  of  bowlder 
wash.  In  the  sections,  however,  the  Wash  was  differentiated  from 
the  underljang  Lake  beds,  though  in  the  text  the  term  Wash  was 
made  to  include  all  unstratified  material,  as  well  as  alluvial  gravels. 
The  reason  for  this  method  of  treatment  lay  in  the  fact  that  the  maps 
and  accompanying  report  were  primarily  designed  for  the  guidance  of 
the  miner,  and  if  the  Quaternary  deposits,  including  as  well  the  rock 
slide  or  angular  material  resulting  from  the  disintegration  of  por- 
phyries in  place,  which  often  as  effectually  masks  the  outcrop  as  do 
the  moraines  or  stream  gravels,  had  been  represented  on  the  surface 
map  they  would  have  covered  so  large  a  portion  of  the  original  area 
that  it  would  have  been  impossible  to  represent  the  structure  of  the 
underlying  rock  in  place,  which  had  been  carefully  reconstructed 
from  a  study  of  the  underground  workings  and  was  essential  as  a 
guide  to  the  exploration  of  the  miner. 

In  the  early  eighties,  when  this  report  was  written,  modem 
physiography,  or  physical  geography,  could  hardly  be  said  to  have 
taken  form,  and  it  was  the  practice  among  geologists  generally  to 
class  as  lacustrine  beds  all  recent  material  that  is  distinctly  stratified, 
whether  it  had  been  actually  deposited  in  still  waters  or  had  been 
washed  down  along  steep  slopes  into  a  body  of  water.  The  objec- 
tions to  this  practice  were  very  forcibly  pointed  out  in  1900  by  Prof. 
William  M.  Da\ns,  the  foremost  exponent  of  modern  physiographic 
methods,  in  a  paper"  in  which  he  undertook  to  show  that  a  large 
proportion  of  the  so-called  fresli-water  lake  deposits  in  the  Rocky 
Mountain  region  bear  internal  evidence  of  being  of  fluviatile  rather 
than  lacustrine  origin — that  is,  they  were  spread  out  by  a  sort  of 
sheet-flood  erosion  in  moving  ratlier  than  still  waters.      Since  then 


o  Am.  Acad.  Arts  and  Sci.,  vol.  35,  pp.  345-373. 


Digitized  by  VjOOQIC 


QUATERNARY   DEPOSITS.  13 

there  has  been  a  strong  tendency,  especially  among  the  younger  dis- 
ciples of  the  modem  school  of  physiography,  to  ascribe  a  fluviatile 
origin  to  deposits  that  might  formerly  have  been  classed  as  lacustrine, 
in  some  cases,  as  it  seems  to  the  writer,  without  giving  sufficient 
weight  to  conflicting  evidence  which  appealed  less  strongly  to  them  as 
physiographers,  or  students  of  surface  phenomena,  than  it  would  to 
the  general  geologist. 

I^  the  summer  of  1904,  under  the  direction  of  Prof.  R.  D.  Salis- 
bury, studies  of  the  Pleistocene  geology  of  the  Sa watch  Range  "  were 
carried  on  by  S.  R.  Capps  and  E.  D.  K.  I^effingwell,  and  in  the  same 
summer,  at  the  suggestion  of  Professor  Davis,  Prof.  L.  G.  Westgate  ^ 
made  a  special  study  of  the  Twin  Lakes  glaciated  area.  In  neither 
case,  apparently,  was  an  actual  investigation  made  of  the  vicinity  of 
Leadville,  the  conclusions  as  to  the  deposits  there  being  probably 
derived  from  studies  made  of  their  general  form  from  a  distance. 
The  conclusions  of  each  of  these  parties  are  confirmatory  of  those  of 
the  wnriter  as  to  the  existence  of  two  glacial  epoclis  in  this  region; 
likewise  as  to  the  fact  that  the  preglacial  channel  of  the  Arkansas 
River  lay  west  of  the  present  river  bed,  borings  in  the  placer  mines 
west  of  Granite  having  shown  that  the  rock  surface  beneath  the  gravel 
slopes  westward  for  a  considerable  distance,  and  that  the  lowest 
point  is  probably  midway  between  Granite  and  Twin  Lakes.  The 
observers  first  mentioned  also  consider  that  the  ice  of  the  early  glacial 
epoch  must  have  obstructed  the  valley,  since  material  that  could 
have  come  only  from  Lake  Creek  Canyon  was  found  by  them  high  up 
on  the  slopes  of  the  Mosquito  Range,  on  the  opposite  side  of  the 
valley;  but  they  do  not  admit  ''that  the  dam  could  have  been  high 
enough  at  any  time  to  hold  the  water  up  to  the  level  of  the  high 
terraces. "  They  agree,  however,  with  Professor  Westgate  in  holding 
that  these  higher  terraces  are  of  glacio-fluvial  rather  than  of  lacus- 
trine origin,  basing  their  conclusions  on  the  assumed  facts  that  the 
material  of  the  gravels  is  mainly  coarse  bowlders,  only  slightly  or  not 
at  all  stratified,  and  that  no  delta  structure  is  observable  in  them. 
According  to  Westgate,  moreover,  who  came  to  the  region  from  a 
study  of  the  Quaternary  deposits  of  the  Utah  Basin,  their  surfaces 
have  every  appearance  of  alluvial  fans. 

WTiile  the  writer  is  in  general  accord  with  the  interpretation  given 
by  these  geologists  to  the  facts  observed  by  them,  he  ventures  to  say 
that  if  they  had  made  a  careful  study  of  the  glacial  deposits  in  the 
vicinity  of  Leadville,  not  on  the  surface  only,  but  underground,  where 
alone  the  so-called  Lake  beds  can  be  seen,  they  might  have  been  led  to 
a  different  interpretation  of  some  of  the  facts. 

a  Jour.  Geol.,  vol.  12,  Noveraljer-D(X«mber,  1904,  p.  698. 
ft  Jour.  Geol.,  vol.  13,  May-June,  19(X>,  p.  285. 
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LAKE  BEDS. 

The  data  gathered  by  tlie  writer  smce  the  original  report  was  made 
in  regard  to  these  beds  are  regrettably  uneven  and  incomplete,  since 
in  great  part  they  are  not  the  result  of  personal  observation  but  were 
contributed  by  those  who  sunk  shafts  through  the  beds,  and  who,  as  a 
rule,  not  being  trained  in  geological  observation,  simply  noted  the 
change  from  coarse  and  structureless  to  finer-grained  and  distinctly 
bedded  material.  There  was,  moreover,  no  opportunity  to  obtain  an 
extended  section  of  the  beds  to  determine  whether  they  showed  delta 
or  flow-and-plunge  structure,  since  the  exposures  were  limited,  as  a 
rule,  to  the  diameter  of  the  shaft,  there  being  no  inducement  to  run 
drifts  through  these  beds,  and,  owing  to  their  crumbling  nature,  the 
shafts  were  always  promptly  lagged  up.  Their  upper  and  lower 
limits  are  also  necessarily  ill  defined^  since  the  bowlders  of  the  over- 
lying Wash,  being  at  considerable  depth  and  in  moist  condition,  are 
decayed  to  such  an  extent  that  they  crumble  rapidly  on  exposure  to 
the  air,  while  the  underlying  rock  surface,  when  of  porphyry,  as  it  is 
generally,  is  rotted  or  decomposed  for  considerable  depth,  and  shows 
at  many  places  strong  evidence  of  differential  movement,  especially 
in  the  vicinity  of  the  faulted  zones.        ^ 

COMPOSITION. 

The  prevailing  material  of  these  beds  is  of  a  pinkish-drab  color, 
resembling  a  fine-grained  marl,  and  seems  to  be  made  up  of  an  arkose 
of  decomposed  granite  or  porphyry.  Tliis  is  the  general  character  of 
the  lower  part  of  the  beds,  which  often  contain  large  fragments  in  a 
marly  matrix,  whose  position  would  be  readily  explainable  as  having 
been  dropped  from  floating  ice  while  the  marl  was  still  loose  and  not 
fully  consolidated.  In  the  upper  part  there  is  more  clayey  material, 
often  with  alternating  beds  of  sand.  It  is  said  that  a  drill  hole  on  the 
mesa  south  of  California  Gulch  passed  through  305  feet  of  Lake  beds, 
including,  in  the  upper  half,  forty  beds  of  tough  clay,  from  1  to  8  feet 
thick,  after  traversing  48  feet  of  overlying  Wash  and  2  feet  of  sand. 

DISTRIBUTION. 

Although  the  exist  ence  of  Lake  beds  beneath  the  Wash  on  the  lower 
half  of  the  mesas  or  terraces  that  stretch  from  the  hills  to  the  Arkansas 
Valley  has  not  yet  been  proved  by  actual  shafts  or  drill  holes,  the  uni- 
fonu  character  of  the  surface  and  the  fact  that  borings  show  that  they 
tend  to  increase  rather  than  decrease  in  thickness  with  distance  from 
the  hills  favor  the  assumption  that  they  probably  extend  down  to  and 
perhaps  under  the  present  Arkansas  Valley  as  far  south  as  Weston 
Gulch. 
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Their  upper  limit,  as  shown  by  actual  exploration,  is  rather  irregu- 
lar; they  are  not  known  to  extend  into  the  great  gorge  of  the  East 
Arkansas,  nor  for  any  considerable  distance  up  Big  and  Little  Evans 
gulches.  Along  the  west  face  of  Fryer  and  Carbonate  hills  their  upper 
limit  is  practically  the  Pendery  fault,  though  in  the  depression  of 
Stray  Horse  Gulch  they  are  found  a  little  farther  east.  On  the  other 
hand,  a  thousand  feet  higher,  in  Graham  Park,  there  is  a  singidar 
potholelike  depression  filled  by  them  to  a  maximum  depth  of  300  f(»et, 
as  shown  by  the  R.  A.  M.,  Rialto,  Greenback,  and  adjoining  shafts. 
The  upper  level  of  the  former  mine,  at  390  feet  from  the  surface,  is 
driven  for  over  100  feet  in  typical  Lake  bed  material,  which  there  rests 
on  Blue  limestone.  The  rock  surface  at  this  point  has  an  elevation  of 
10,261  feet. 

South  of  California  Gulch  the  upper  limit  of  the  main  body  of  Lake 
beds,  which  along  the  face  of  Carbonate  Hill  had  been  trending  to  the 
west  of  south,  abruptly  bends  almost  due  east  and  runs  parallel  to 
California  Gulch,  from  which  it  is  separated  by  a  ridge  of  rock  that 
reaches  in  places  wdthin  100  feet  of  the  surface  of  the  mesa,  while  the 
bottom  of  the  depression  in  which  the  Lake  beds  have  accumulated 
has  been  found  to  be  400  to  600  feet  below  that  surface.  This  embay- 
nient  of  Lake  beds  on  the  ridge  known  as  Rock  or  Dome  Hill  was  origi- 
nally supposed  to  extend  only  up  to  about  the  line  of  the  Iron  fault, 
but  recent  workings  in  the  Reindeer  mine  have  disclosed,  just  north 
of  the  lateral  moraine  of  the  second  Iowa  Gulch  glacier,  a  channel  of 
Lake  beds  at  an  elevation  of  10,230  feet,  apparently  reaching  still 
higher  up  on  the  southern  edge  of  the  hill.  This  may  connect  with  a 
patch  of  similar  material  on  the  northwest  slope  of  Printer  Boy  Hill, 
whose  extent  was  disclosed  by  a  drift  from  the  lower  Printer  Boy 
mine  and  by  the  erosion  of  Eureka  Gulch,  but  of  whose  form  or  extent 
nothing  is  definitely  known.  South  of  Iowa  Gulch  the  Lake  beds 
extend  still  higher  up  on  the  spur  known  as  Long  and  Derry  Hill,  the 
rock  surface  beneath  them  at  the  Continental  shaft  having  an  eleva- 
tion of  10,750  feet.  Still  farther  south,  on  the  spur  south  of  Empire 
Gulch,  their  upper  limit  apparently  approaches  yet  nearer  to  the  crest 
of  the  range,  until  they  end  abruptly  against  the  granite  on  the  south 
side  of  Union  Gulch.  Their  probable  extent  in  this  southeni  region 
is  given  as  determined  during  the  original  survey,  since  no  new  data 
vnih  regard  to  them  have  been  obtained  outside  of  the  immediate 
vicinity  of  the  working  mines  in  Leadville,  but  it  is  assumed  to  be 
fairly  correct,  since  no  shaft  sunk  in  areas  in  which  they  were  indi- 
cated on  the  original  maps  has  failed  to  disclose  them. 

It  is  evident  that  the  rock  bottom  of  these  beds  in  these  upper 
regions  stands  at  an  elevation  that  is  too  high  to  admit  of  its  having 
been  covered  by  the  waters  of  any  lake  that  could  have  been  ponded 
back  in  the  Arkansas  Valley  by  the  damming  up  of  the  Lake  Creek 
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glacier,  since  these  waters  can  not  probably  have  reached  a  height 
above  the  9,700-foot  contour.  If  there  had  been  no  elevation  of  the 
range  since  these  beds  were  deposited  the  only  alternative  hypothesis 
would  be  that  they  are  glacio-fluvial  deposits  laid  down  on  a  gently 
sloping  surface  by  streams  issuing  from  beneath  the  melting  glaciers, 
but  there  is  definite  evidence  of  the  elevation  of  the  range  since  that 
period,  and  there  are  other  phenomena  that  are  difficult  of  explanation 
on  the  simple  glacio-fluvial  hypothesis,  among  them  the  apparently 
greater  extent  of  the  Lake  beds  in  the  bed  of  the  Iowa  Glacier  than  in 
that  of  the  Evans  Glacier.  In  Evans  Gulch  their  existence  has  not 
been  noted  higher  than  Cady  shaft,  opposite  Fryer  Hill,  where  the 
present  surface  stands  at  10,4.^0  feet,  while  in  Iowa  Gulch  they  are 
found  very  much  farther  back  than  the  probable  lower  end  of  the 
glacier,  or  at  points  where  the  present  surface  is  300  to  400  feet  higher. 
The  underlying  rock  surface,  however,  stands  in  an  opposite  relation, 
being  rather  lower  on  the  average  under  Rock  Ridge  than  in  lower 
Evans  Gulch.  This  condition  seems  easier  of  explanation  on  the 
hypothesis  that  the  material  was  deposited  along  the  borders  of  a  lake 
than  simply  at  the  mouth  of  a  retreating  glacier. 

EVIDENCE   OF   UPLIFT. 

The  evidence  of  continued  uplift  of  the  range  since  the  glacial 
period  is  both  direct  and  indirect.  The  indirect  evidence  is  the 
sudden  deepening  of  the  rock  surface  to  the  west  of  the  prominent 
fault  planes,  producing  an  abnormal  depression  in  which  the  Lake 
beds  are  first  found.  Such  a  sudden  down  slope  of  the  rock  surface 
was  noticed  in  the  original  field  work,  and  it  was  then  thought  that 
it  might  have  been  produced  by  wave  cutting  along  the  shores  of  the 
old  lake,  but  the  evidence  accumulated  since  that  time  tends  to  show 
that  it  always  occurs  in  the  immediate  vicinity  of  fault  planes,  and  it 
therefore  seems  more  reasonable  to  attribute  it  to  a  gradual  move- 
ment of  elevation  along  these  planes,  which  may  very  likely  be  going 
on  at  the  present  day. 

The  direct  evidence  of  movement  observed  by  the  writer  was  con- 
fined to  two  places,  one  in  the  Walcott  mine,  the  other  in  the  Elk 
mine,  both  of  them  along  the  Pendery  fault  and  in  the  depression  of 
lower  Stray  Horse  Gulch.  In  each  place  the  rock  face  on  the  foot  or 
east  wall  of  the  fault,  which  stands  at  65°  or  70°,  has  been  lifted  up 
across  the  Lake  beds,  which  adjoin  it  on  the  west.  In  the  Elk  mine 
the  brownish  clay  that  constitutes  the  Lake  beds  shows  a  distinct 
sheeting  parallel  to  the  fault  planes,  and  a  selvage  of  this  clay  material 
carries  in  places  a  fault  breccia  that  still  clings  to  the  limestone  foot 
wall,  which  it  could  not  have  done  had  this  wall  constituted  a  cliff 
against  which  the  Lake  beds  were  deposited. 
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The  aggregate  amount  of  such  displacements  can  not  be  accurately 
determined.  In  the  Elk  mine  it  is  certainly  as  much  as  100  feet,  and 
possibly  150  feet.  It  is  probably  nearly  as  much  in  the  Walcott 
mine,  but  no  Lake  beds  have  yet  been  found  east  of  the  fault  in  that 
mine.  The  amount  of  difference  to  be  accounted  for  is,  however, 
less  than  the  present  surface  would  indicate.  For  instance,  the  rock 
surface  on  the  north-south  line  of  Section  XII  (PI.  VII),  a  short 
distance  west  of  the  Pendery  fault,  is  not  more  than  200  feet  lower 
than  that  at  the  same  distance  west  of  the  Dome  fault,  which  is  about 
a  mile  farther  east,  while  the  relative  diflFerence  of  level  in  the  present 
surface  is  over  500  feet.  On  the  other  hand,  the  slope  of  the  rock 
surface  may  steepen  west  of  this  line,  to  judge  from  the  data  gathered 
on  the  spur  or  mesa  next  south  of  California  Gulch.  On  this  spur 
shafts  and  drill  holes  have  reached  the  contact  below  the  Lake  beds 
at  somewhat  irregular  intervals  in  an  east-west  direction  for  a  distance 
of  about  8,000  feet.  The  angle  of  the  rock  slope  in  this  distance,  if 
calculated  from  its  depth  at  the  extreme  points,  would  be  5**,  or 
nearly  double  that  of  the  present  surface,  but  from  a  study  of  the 
data  furnished  by  those  who  carried  on  these  underground  explora- 
tions it  would  appear  that  this  slope  is  very  irregular.  Below  the 
Dome  fault  it  drops  abruptly  200  to  300  feet.  At  the  Iron  fault  it 
has  a  comparatively  slight  drop,  and  from  there  to  the  Revenue 
shaft,  a  distance  of  about  3,000  feet,  the  figures  obtained  show  no 
general  lowering  of  the  rock  surface.  Thence  westward  to  the  drill 
hole  on  the  Mike  claim,  a  distance  of  about  three-fourths  of  a  mile, 
its  descent  is  more  rapid,  and  if  continued  at  the  same  angle  would 
make  the  rock  surface  at  Malta  300  feet  below  the  present  valley 
level.  It  must  be  admitted,  however,  that  the  basis  for  these  deter- 
minations is  rather  uncertain,  for  the  accounts  show  that  beneath 
the  well-defined  Lake  beds  there  is  a  considerable  mass  of  broken 
rock,  which  in  some  places  aggregates  100  feet  or  more  in  thickness, 
and  renders  it  difficult  to  determine  tne  exact  depth  at  which  rock 
in  place  was  actually  reached.  While  the  data  are  therefore  evi- 
dently yet  too  incomplete  to  enable  the  geologist  to  reconstruct  with 
any  considerable  degree  of  accuracy  the  rock  surface  beneath  the 
deposits  of  the  first  glacial  epoch,  it  seems  reasonably  certain  that  it 
has  been  somewhat  disturbed  by  uplift  since  that  time. 

ORIGIN. 

As  to  the  manner  of  formation  of  the  Wash  and  I^ake  beds — names 
which  have  been  retained  in  deference  to  established  local  usage — 
although  it  is  admitted  that  the  mesa  Wash  is  of  probable  glacio- 
fluvial  origin,  until  more  conclusive  proofs  to  the  contrary  are  obtained 
the  writer  is  inclined  to  the  belief  that  the  fine-grained,  stratified 
Bull.  320—07 2 
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material,  to  which  the  original  report  gave  the  name  Lake  beds,  must 
have  been,  in  part,  at  least,  laid  down  under  water — possibly  in  great 
measure  as  broad  delta  deposits — hence  that  a  lake  actually  existed 
in  the  upper  Arkansas  Valley  toward  the  close  of  the  first  glacial 
epoch.  Some  part  of  the  higher-lying  beds  may  have  been  deposited 
in  local  ponds  or  lakes  close  to  points  where  this  finer  material  was 
issuing  from  beneath  the  glaciers.  It  is  probable  that  all  these  lakes 
were  of  relatively  short  duration,  and  that,  when  the  floods  came  that 
accompanied  the  retreat  and  more  rapid  melting  of  the  glacial  ice, 
their  barriers  were  quickly  cut  through  and  the  lakes  drained  while 
the  overw  ash  was  being  carried  down  and  spread  out  over  the  surface 
of  the  already  deposited  Lake  beds.  In  narrower  parts  of  the  glacial 
channels  doubtless  these  were  in  measure  eroded  away,  and  such  ero- 
sion may  account  for  the  apparent  want  of  connection  between  parts 
of  the  lower-  and  higher-level  Lake  beds  at  the  present  day. 

SLOPE   OF   ROCK   SURFACE. 

As  to  the  slope  of  the  rock  surface  beneath  the  Lake  beds,  it  seems 
probable  that  its  westerly  inclination  may  generally  be  slightly  greater 
than  that  of  the  present  surface,  as  far  west,  at  any  rate,  as  the  Paleo- 
zoic beds  are  likely  to  extend;  but  that  toward  the  bottom  land  of  the 
present  Arkansas  Valley,  where  granite  and  gneiss  would  constitute 
the  bed  rock,  its  slope  may  decrease  rapidly  and  soon  become  nearly 
level,  except  for  its  southerly  inclination  down  the  Arkansas  Valley. 

It  is  probable  that  a  southerly  inclination  of  the  rock  surface  exists 
in  the  mesa  region  also,  which  should  be  added  to  the  westerly  incli- 
nation, for  it  appears  to  stand  100  to  200  feet  above  the  10,000-foot 
contour,  where  Evans  Gulch  bends  northward  into  the  East  Arkansas 
Valley,  whereas  on  the  banks  of  California  Gulch,  in  the  Maple  Street 
shaft,  it  is  said  to  be  over  500  feet  lower.  As  the  surface  was  probably 
furrowed  to  a  certain  extent  by  the  older  glaciers,  or  by  the  streams 
that  issued  from  beneath  them,  it  may  be  well  to  consider  the  probable 
course  of  these  glaciers  as  far  as  it  can  be  determined  from  the  evidence 
at  hand. 

POSITION  OF  THE  MOSQUITO  GLACIERS. 

The  amount  of  erosion  that  has  gone  on  since  the  glacial  period  has 
been  so  great  that  it  is  not  easy  to  diff'erentiate  in  the  detrital  mate- 
rials found  near  their  present  surface  those  that  belong  to  the  first 
from  those  that  belong  to  the  second  glacial  epoch,  or  from  those  that 
are  postglacial.  We  get  some  conception  of  the  amoimt  of  this 
erosion  when  we  consider  that  the  deep  cutting  of  California  Gulch 
is  postglacial.  Only  those  gulches  that  head  in  glacial  cirques  or 
amphitheaters  could  have  carried  large  glaciers.     These  were  the  East 
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Arkansas,  Evans,  Iowa,  and  Empire  gulches.  The  first,  though  much 
longer  and  consequently  carrjdng  a  larger  glacier  than  either  of  the 
others,  may  be  left  out  of  consideration  in  the  present  discussion, 
since  there  is  no  evidence  that  its  deposits  had  much  influence  on  the 
area  here  discussed. 

The  courses  of  the  later  glaciers  in  Evans  and  Iowa  gulches,  as  quite 
clearly  defined  by  the  lateral  moraines  which  still  stand  in  rather 
definite  ridges,  were  remarkably  straight  after  leaving  the  amphithea- 
ters in  which  they  took  their  rise,  in  marked  contrast  with  the  zigzag 
course  of  California  Gulch.  In  Evans  Gulch  the  amount  of  morainic 
material  deposited  along  the  sides  of  the  glacier  was  so  great  that,  as 
the  ice  melted,  new  stream  beds  were  formed  along  the  outer  edge  of 
these  new  accumulations  of  gravel,  now  known  as  Little  Evans  and 
Stray  Horse  gulches,  which  head  in  basinlike  depressions  known  as 
Prospect  Mountain  amphitheater  and  Adelaide  Park,  respectively. 
There  is  some  evidence  that  in  its  lower  part,  after  leaving  the  confin- 
ing slopes  of  Prospect  Mountain  and  Breece  Hill,  the  ice  spread  out 
somewhat,  so  as  to  cover  Fryer  Hill,  but  if  it  extended  dowTi  as  low 
as  the  gravel  ridge  known  as  Capitol  Hill,  it  was  probably  bounded  by 
that  on  the  one  side  and  by  James  Ridge  on  the  other,  and  did  not 
bend  into  the  East  Arkansas  Valley  as  does  the  present  postglacial 
stream. 

The  Iowa  Gulch  moraines  ext-end  straight  down  over  the  Lake  bed 
deposits  for  a  mile  or  two  below  the  last  confining  gorge  between  Long 
and  Derry  and  Printer  Boy  hills,  but  show  no  evidence  that  the  ice 
sheet  widened  below  to  any  considerable  extent.  The  Empire  Gulch 
glacier  has  left  similar  indications  with  regard  to  its  lower  course, 
but  in  its  upper  part  followed  a  more  irregular  course. 

We  must  assume  that  the  earlier  glaciers  in  their  upper  courses, 
where  they  filled  channels  bounded  by  rock  slopes,  must  have  fol- 
lowed the  same  course  as  did  the  later  glaciers.  To  judge  from  the 
amount  of  material  they  left  behind  they  would  appear  to  have  been 
more  extensive  than  the  later  glaciers,  but  we  can  not  now  distinguish 
their  lateral  moraines.  It  is  probable  that  the  earlier  Evans  Glacier 
entirely  overrode  Yankee  and  Fryer  hills  and  that  in  its  lower  course 
a  part,  possibly  the  greater  part,  flowed  down  the  depression  of  lower 
Stray  Horse  Gulch,  between  Carbonate  and  Capitol  hills,  since  the 
evidence  gathered  during  the  preparation  of  the  present  map  shows  a 
depression  in  the  rock  surface  under  this  part,  as  indicated  in  the  sec- 
tions. Whether  the  eroding  agent  was  ice  or  water,  its  channel,  on 
leaving  the  steeper  hill  slope,  evidently  bent  to  the  southwest,  running 
about  parallel  to  a  line  drawTi  between  the  Sixth  Street  and  Cloud 
City  shafts.  Along  this  chaimel  relatively  less  of  the  Paleozoic  beds 
would  be  left  than  on  either  side,  and  to  this  extent  more  ore-bearing 
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rock  material  would  have  been  removed,  but  the  chaimel  was  prob- 
ably SO  shallow  that  the  amount  thus  carried  away  would  not  have 
been  sufficiently  large  to  influence  essentially  the  prospective  value 
of  the  ground. 

ECONOMIC  BEVEIiOPMENT. 

Before  proceeding  to  the  description  of  the  present  geological  struc- 
ture of  the  Downtown  area,  it  may  be  well  to  review  briefly  the 
progress  of  knowledge  with  regard  to  it  as  illustrated  by  the  successive 
mining  developments  within  the  area.  The  reader's  imderstanding 
of  this  review  will  be  much  facilitated  by  frequent  reference  to  the 
map  and  sections.  The  area  covered  by  the  map  is  approximately 
1  mile  in  length  by  two-thirds  of  a  mile  in  width,  the  longer  dimension 
being  from  north  to  south.  The  western  limit  runs  diagonally  across 
Harrison  avenue,  from  a  point  just  north  of  its  junction  with  Chestnut 
street  northward  to  the  southwest  comer  of  East  Thirteenth  and  Hem- 
lock streets,  while  the  eastern  boimdary  runs  from  the  top  of  the 
western  slope  of  Carbonate  Hill  to  the  southwest  point  of  Fryer  Hill. 
The  map  thus  includes  practically  all  of  the  town  east  of  Harrison 
avenue  and  south  of  the  Denver  and  Rio  Grande  Railroad  station. 

At  the  close  of  Survey  field  work  in  the  summer  of  1881  underground 
exploration  was  practically  confined  to  a  zone  about  1,000  feet  wide 
along  the  eastern  or  upper  edge  of  the  area  mapped,  and  the  structure, 
as  deduced  from  these  explorations,  was  determined  as  follows: 

At  the  northern  end  of  this  zone,  on  the  west  point  of  Fryer  Hill, 
White  porphyry  was  foimd  both  above  and  below  the  Blue  limestone, 
or  the  vein  material  which  replaced  it,  this  being  within  the  northwest- 
southeast  belt  along  which  the  White  porphyry  sheet  cuts  diagonally 
across  the  Blue  limestone,  thus  splitting  it  into  two  or  more  wedge- 
shaped  bodies.  Furthermore,  a  sheet  of  younger  Gray  porphyry  cut 
across  both,  and  at  some  places  assumed  a  dikelike  form.  This  whole 
series  of  formations  was  found  to  rise  gently  westward  toward  the 
west  point  of  Fryer  Hill.  White  porphyry  had  been  found  under  the 
Wash  to  the  west  of  this,  and  it  was  assumed  that  it  represented  a 
western  dip  in  the  formations  beyond  an  anticlinal  fold. 

In  the  depression  forming  the  two  Stray  Horse  gulches,  between 
Fryer  and  Carbonate  hills,  the  few  shafts  that  had  been  sunk  fur- 
nished but  little  definite  information  with  regard  to  the  structure, 
beyond  the  indication  that  it  is  very  irregular  and  broken.  In  both 
these  gulches  the  rock  surface  is  buried  beneath  50  to  100  feet  of 
Wash.  On  Carbonate  Hill,  however,  the  rock  formations,  which 
were  covered  by  only  from  6  to  10  feet  of  rock  slide,  were  found  to 
be  quite  regular,  striking  a  little  east  of  north  and  dipping  southeast- 
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ward  at  angles  of  12°  to  20°.     The  normal  series  here  represented 
is  given  in  the  following  table,  in  descending  order: 


Local  name. 


Geological  age. 


White  porphyry.. 

Blue  limestone 

Gray  porphyry 

Partinff  quartzite. 
White  Umestone.. 

Lower  quartzite.. 
Granite 


Pre-Cretaceou8 

Lower  Carboniferous. 

Pre-Cretaceous 

Devonian 

Silurian 


Cambrian 

Basement  complex  or  pre-€ambrian. 


Character  of  rocks. 


White  rhyolit©  porphyry. . 

Blue-gray  dolomite 

Gray  monzonite  porphyry. . 

Coarse  quartzite 

Drab    ^liceous    dolomitic 
limestone. 

Mostly  white  quartzite 

Granite  and  gneiss 


Average 
thickness. 


Fed. 


800 
200 
50 
30 
160 


Of  these  the  igneous  rocks  are  necessarily  the  more  liable  to  vary, 
both  in  hprizon  and  in  thickness.  The  Gray  porphyry  is  generally 
in  a  single  sheet,  in  the  body  of  the  Blue  limestone,  but  may  occur 
in  more  than  one  sheet,  and  be  found  anywhere  from  the  top  to  the 
bottom  of  this  formation.  Erosion  has  removed  more  or  less  of  the 
White  porphyry,  which  is  consequently  at  its  greatest  thickness  at 
the  eastern  limit  of  the  fault  block,  and  farther  west  has  been  thinned 
by  erosion  until,  along  the  base  of  the  hill,  the  Blue  limestone  is 
exposed  beneath  the  thin  covering  of  porphyry  slide.  It  was  in  fol- 
lowing this  limestone  eastward  on  the  dip  that  the  Carbonate  Hill 
mines  found  their  great  bodies  of  carbonate  of  lead  and  chloride  of 
silver  in  a  matrix  of  impure  iron  and  manganese  oxide,  resulting  from 
the  oxidation  of  pyritous  ores.  West  of  the  line  of  the  Carbonate 
fault  the  surface  is  generally  occupied  by  White  porphyr}^,  over 
which  is  a  covering  of  Wash  that  thickens  rapidly  with  increasing 
distance  from  the  steeper  slope  of  the  hill.  From  information  derived 
from  the  few  shafts  already  sunk  in  this  zone  it  was  inferred  that 
toward  the  west  the  formations  descend  either  in  a  general  westward 
slope  or  in  a  series  of  sharp  folds  and  faults,  and  that,  as  the  ore 
body  disclosed  on  Carbonate  Hill  might  reasonably  be  expected  to 
extend  in  that  direction,  the  region  was  well  worthy  of  exploration.^ 

As  regards  the  best  method  of  developing  this  area,  it  was  foreseen 
that  under  the  deepening  Wash  an  enormous  amount  of  water,  drain- 
ing from  the  adjoining  hill  slopes,  would  necessarily  be  foimd,  and  the 
suggestion  was  offered  that  a  combination  of  property  owners  be 
formed  to  sink  one  or  more  deep  shafts  well  out  on  the  mesa  slope, 
which  would  not  only  determine  the  general  slope  and  character  of 
the  underlying  rocks  but  would  drain  the  intermediate  ground,  and 
thus  facilitate  mining  over  the  whole  area.  If  this  were  found  im- 
practicable, the  next  best  plan,  it  was  suggested,  would  be  to  sink 
shafts  on  the  lower  slope  of  Carbonate  Hill  and  gradually  follow  the 
contact  westward.  The  latter  plan  is  the  one  that  has  practically 
been  followed,  but  the  consequent  development  of  the  region  has 
proceeded  much  more  slowly  than  it  would  have  under  the  first  plan, 

a  Second  Ann.  Rept.  U.  a  Geol.  Survey,  pp.  281-282. 
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for,  as  explained  in  the  first  report,  each  fault  block  as  a  rule  consti- 
tutes a  separate  hydrostatic  basin,  within  the  limits  of  which  there 
is  so  free  a  circulation  of  underground  waters  that  the  rise  or  fall  of 
the  ground-water  level  in  one  mine  is  sympathetically  felt  in  all  the 
others  within  the  block  or  basin.  Thus,  as  each  new  shaft  to  the 
westward  reached  the  ore  horizon  (as  a  rule  at  a  deeper  level  than 
the  previous  ones),  it  was  found  that  it  drained  the  water  from  all 
the  surrounding  but  higher-lying  levels,  and  the  enterprise  was  penal- 
ized with  an  undue  proportion  of  the  very  serious  expense  of  pumping 
water.  This  was  later  remedied  by  the  association  of  the  important 
mine  o>vners  on  the  community  of  interest  principle,  by  which  it  was 
arranged  that  each  should  bear  his  proportionate  part  of  the  total 
expense  of  pumping.  Even  then,  however,  men  who  desired  to 
explore  still  lower  ground  sometimes  found  it  difficult  to  gain  admis- 
sion to  the  pumping  association,  and  thus  were  prevented  from 
sinking  below  the  level  reached  by  the  mines  already  workmg,  unless 
they  were  willing  to  pump  for  the  entire  region. 

The  sinking  of  a  500-foot  shaft  to  reach  a  horizon  in  which  there 
was  only  a  possibility  of  finding  ore  was  already  a  sufficiently  hazard- 
ous enterprise,  but  when  the  search  for  ore  was  limited  to  a  given 
level,  and  the  seeking  for  it  below  that  level  involved  such  an  enormous 
additional  expense,  it  can  be  readily  conceived  that  the  risk  was 
almost  prohibitory. 

It  is  not  possible  to  give  the  exact  order  of  development  of  the  vari- 
ous mines  of  the  Downtown  area,  as  the  writer's  visits  were  made  at 
irregular  intervals,  between  which  it  sometimes  happened  that  a  mine 
had  been  opened,  worked  out,  and  closed;  in  many  cases,  however, 
to  be  reopened  later.  Among  the  earlier  mines  was  the  Pocahontas, 
whose  shaft  traversed  about  100  feet  of  Wash  and  about  180  feet  of 
White  porphyry  before  reaching  the  Blue  limestone.  Its  ore  was 
found  on  various  shelves  of  the  fault  zone,  the  shaft  having  reached 
the  limestone  near  the  Pendery  fault.  The  Gray  Eagle  followed 
closely,  also  working  ore  along  the  upper  contact  in  the  fault  zone. 

Next,  the  group  of  the  Dillon,  Elk,  and  Hussey  mines  found  second 
contact  ore  between  Gray  porphyry  and  Parting  quartzite  within 
about  200  feet  of  the  surface,  but  this  ore  was  sharply  cut  off  on  the 
west  by  the  Pendery  fault,  and  the  mines  were  in  time  closed  down 
without  getting  ore  at  lower  levels.  The  Walcott  and  Hibschle  mines, 
a  little  farther  northwest,  found  ore  at  the  same  general  depth,  also 
immediately  under  the  Wash,  but  this  ore,  owing  to  the  general  rise 
of  the  formations  toward  the  north,  was  at  a  lower  geological  horizon, 
namely,  near  the  bottom  of  the  White  Kmestone  and  in  the  Transition 
beds  at  the  top  of  the  Cambrian. 

South  of  the  Pocahontas,  on  the  same  general  level,  the  Weldon 
and  Glass-Pendery  shafts  were  sunk  through  Wash  and  White  porphyry 
^d  cut  the  Pendery  fault. 
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By  these  explorations  the  general  position  of  the  fault  zone  was 
fairly  well  defined  and  shown  to  be  considerably  west  of  the  Carbonate 
fault,  as  located  on  the  early  maps,  but  the  depth  of  the  limestones 
farther  west  was  still  uncertain  until  the  Sixth  Street  shaft  was  sunk 
within  the  streets  of  the  city,  about  1,000  feet  west  of  the  Pendery 
fault. 

The  location  of  this  shaft  was  unfortunately  chosen  in  that  it  found 
the  rock  surface  in  the  depression  that  follows  the  general  course  of 
Stray  Horse  Gulch,  consequently  abnormally  deep.  It  thus  drained 
the  water  from  all  the  region  around,  which  entered  in  such  volume 
that  for  a  long  time  it  could  not  be  handled,  and  the  mining  of  the  fine 
ore  bodies  that  were  afterwards  found  in  its  neighborhood  was  delayed 
for  a  number  of  years.  It  established  the  fact,  however,  that  the 
Blue  limestone  was  still  uneroded  at  that  distance  to  the  west,  though 
its  elevation  was  but  little  below  that  at  the  base  of  the  Pendery  fault. 

The  next  pioneer  shafts  were  the  Bon  Air  and  Bohn,  sunk  a  little 
farther  west  and  considerably  south  of  the  Sixth  Street  shaft.  They 
found  the  rock  surface  over  1,000  feet  higher,  but  the  limestone  con- 
tact a  little  lower.  It  was  thus  proved  that  the  latter  lies  fairly  flat 
in  a  broad  shelf  to  the  west  of  the  Pendery  fault,  and  it  has  been  on 
this  shelf  that  the  mining  of  the  last  decade  has  been  mainly  con- 
ducted, while  in  a  general  way  the  work  has  progressed  eastward 
toward  the  faults  rather  than  in  the  opposite  direction.  Thus,  at  the 
south  the  opening  up  of  the  Weldon  No.  2,  Midland,  and  Can  mines 
has  followed  that  of  the  Bon  Air  and  Bohn;  at  the  north  the 
developments  in  the  Coronado  and  Capitol  have  been  the  result  of  the 
sinking  of  the  Sixth  Street  shaft;  while  in  the  central  region  the  Pen- 
rose, the  first  shaft  sunk  there,  has  been  followed  by  the  Midas,  Bison, 
and  Starr  to  the  east  and  south. 

The  next  step  westward  was  made  by  the  Cloud  City  shaft,  which 
was  sunk  in  the  midst  of  the  city  blocks  and  which,  after  passing 
through  425  feet  of  Wash  and  Lake  beds  and  a  few  feet  of  White 
porphyry,  came  into  the  westernmost  fault  yet  discovered,  which  has 
been  called  the  Cloud  City  fault.  Here  again  the  water  has  been  an 
obstacle  to  rapid  development,  for  the  Cloud  City  shaft  was  sunk  near 
the  eastern  boundary  of  the  company's  property;  therefore,  to  develop 
the  main  area,  it  was  necessary  to  sink  the  shaft  deeper  by  the  amount 
of  the  throw  of  the  fault.  This  was,  however,  impracticable,  until 
the  owners  gained  admission  to  the  pumping  association,  which  for 
some  years  was  refused  them. 

PRESENT  CONDITIONS. 

As  the  geological  indications  given  on  the  accompanying  maps  and 
sections  are  entirely  dependent  on  data  derived  from  mine  workings, 
it  may  be  well  to  state  in  some  detail  the  condition  of  these  workings 
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at  the  time  the  last  observations  were  made,  namely,  in  the  summer  of 
1905,  since  subsequent  developments  may  furnish  ground  for  modifi- 
cation of  the  conclusions  reached,  and  no  one  understands  better  than 
those  who  have  carried  on  this  work  the  great  uncertainty  that  attends 
the  determination  of  probable  structure  in  a  region  like  this,  in  ground 
that  has  not  already  been  opened  and  examined.  The  general  order 
followed  in  making  this  statement  will  be  from  the  east  westward, 
the  areas  along  the  eastern  border  of  the  map  being  first  considered. 

Carbonate  Hill. — Of  the  southeast  corner  of  the  area — that  is.  Car- 
bonate Hill  east  of  the  Carbonate  fault — but  little  knowledge  has  been 
gained  by  actual  observation  since  the  original  survey,  as  most  of  the 
large  mines  were  closed  down  when  the  periodical  visits  were  made, 
and  the  working  maps  of  but  few  of  them  were  available  for  study.  In 
later  years  work  in  this  area  has  been  done  mostly  by  leasers  who  do 
not  keep  up  regular  surveys,  and  the  data  obtained  are  oral,  and  hence 
somewhat  vague  and  uncertain.  The  structure  in  this  area  is,  how- 
ever, relatively  regular,  and  in  spite  of  this  uncertainty  the  formation 
outlines  should  be  fairly  accurate.  Of  the  distribution  of  ore  bodies, 
on  the  other  hand,  so  little  is  accurately  known  that  their  representa- 
tion may  be  considered  to  be  only  a  rough  approximation. 

Fryer  Hill. — On  Fryer  Hill,  a  portion  of  which  is  represented  on  the 
northeast  comer  of  the  map,  there  are  the  same  grounds  of  uncertainty 
as  on  Carbonate  Hill,  and  the  structure  is  not  simple  but  extremelj^ 
compUcated,  owing  to  many  irregular  intrusions  of  both  Gray  and 
White  porphyry.  No  underground  examinations  were  made  in  this 
area,  and  the  only  new  information  furnished  is  with  regard  to  the 
rocks  passed  through  by  a  few  new  shafts,  such  as  the  Clark  and  Colo- 
rado Chief  No.  2. 

Stray  Horse  Gulch. — Between  Fryer  and  Carbonate  Hills  Kes  an  area 
concerning  whose  structure  there  is  still  greater  uncertainty,  for  it  is  a 
region  where  both  intrusive  porphyries  apparently  cut  across  the  sedi- 
mentary strata  instead  of  conforming  with  their  bedding,  and  on  this 
accojint  the  indications  on  the  earlier  map  were  confessedly  tentative. 
Of  the  mining  that  has  been  done  in  later  times  few  rehable  records 
have  been  obtained,  the  complications  of  structure  having  evidently 
been  a  serious  drawback  to  the  operations  there  carried  on.  The  indi- 
cations in  this  region  must  therefore  be  regarded  as  merely  sho\\dng  a 
possible  solution  of  the  theoretical  conditions  assumed. 

Below  Carbonate  fault. — With  regard  to  the  belt  of  ground  immedi- 
ately below  the  Carbonate  fault,  and  thus  within  what  is  here  called 
the  fault  zone,  there  is  also  some  uncertainty,  since  the  mine  openings 
there  were  made  in  the  intermediate  period  between  visits,  and  many 
of  the  facts  with  regard  to  them  have  been  obtained  orally  rather  than 
by  personal  observation.  This  appHes  to  such  workings  as  the  Jolly, 
Buckeye  Belle,  Forsaken,  and  those  on  the  lower  part  of  the  Waterloo, 
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Morning  Star,  Evening  Star,  Crescent,  and  Catalpa  claims.  In  this 
region  of  complicated  faulting  the  data  obtained  have  furnished  a  series 
of  structural  problems  which  the  added  uncertainty  as  to  correct  loca- 
tion of  some  of  the  abandoned  shafts  has  rendered  it  very  difficult  to 
unravel.  While  the  solutions  presented  by  the  map  and  sections  are 
thus  subject  to  possible  errors  of  detail,  it  is  believed  that  these  will 
not  affect  the  correctness  of  the  general  conclusions  arrived  at. 

Sqvihwest  slope  of  Carbonate  HiU. — The  steeper  slope  of  the  south- 
em  end  of  Carbonate  Hill  made  by  the  cutting  of  California  Gulch, 
not  being  covered  by  Wash,  is  considered  as  an  area  of  outcrop. 
In  point  of  fact,  however,  this  surface  is  actually  covered  by  rock 
slide  to  such  a  depth  that  only  where  artificial  cuttings  have  been 
made  can  the  character  of  the  underlying  rock  be  determined. 
Such  openings  are  irregularly  distributed,  and  the  few  that  had 
been  driven  to  any  considerable  depths  were  wholly  inaccessible, 
so  that  while  there  is  an  appearance  of  duplication  of  outcrops, 
which  suggests  a  fault,  in  the  absence  of  such  direct  proof  of  its 
existence  as  would  be  shown  by  its  crossing  by  a  drift,  none  has 
been  indicated. 

Bench  below  Pendery  fault — For  a  thousand  feet  or  more  west  of 
the  Pendery  fault  the  upper  surface  of  the  Blue  limestone,  except 
where  it  is  upturned  against  the  fault  plane,  stands  at  an  elevation 
between  9,750  and  9,850  feet,  so  that,  neglecting  its  minor  undula- 
tions, it  may  be  considered  as  a  broad  bench  b^jpken  on  the  west, 
and  through  part  of  its  length,  by  the  Cloud  City  fault.  It  is  on 
this  bench  that  most  of  the  mining  of  the  last  decade  has  been 
carried  on,  and  from  the  workings  of  these  mines  have  been  derived 
most  of  the  facts  of  personal  observation  on  which  the  present 
report  is  based.  These  include,  commencing^  at  the  north,  the 
workings  of  the  Capitol,  or  Northern,  Coronado,  Sixth  Street,  Midas, 
Bison,  Gray  Eagle,  Penrose,  Starr,  Bohn,  Bon  Air,  P.  O.  S.,  Midland, 
and  Can  shafts,  which  constitute  a  horizontal  area  of  about  100 
acres  of  almost  continuously  explored  ground. 

Outside  area, — Outside  of  these  connected  workings  the  data  as 
to  underground  structure  have  been  derived  from  disconnected 
workings  or  isolated  shafts  of  which  only  a  small  number  could  be 
personally  examined.** 

On  the  north  the  limestone  contact  has  been  reached  by  the 
Newell  (P),  Villa,  and  Delante  No.  2  shafts  within  the  area  of  the 
map,  and  the  Delante  No.  1,  Seeley  (P),  Jason,  Neptune,  All  Right 
No.  2  (P),  Fairview  No.  4  (P),  Stumpf,  and  Hofer  shafts  on  Poverty 
Flat,  beyond  that  area;  on  the  west  in  the  Cloud  City  (P),  Home 
Extension  and  A.  V.  (P)  shafts;  on  the  south  along  California  Gulch 
in  the  Toledo  Avenue  (P),  California  Gulch,  Valentine,  and  Maple 


«To  the  names  of  such  as  were  personally  examined  a  P  is  appended. 
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Street  shafts.  The  latter,  on  the  north  bank  of  California  Gulch, 
between  James  and  Maple  streets,  is  the  westernmost  point  at  which 
the  depth  of  the  limestone  contact  had  been  reliably  determined,  being 
about  2,100  feet  west  of  the  western  edge  of  the  area  mapped.  A 
little  farther  south  a  drill  hole  sunk  on  the  Mike  claim  is  said  to 
have  reached  the  contact,  but  the  record  of  rock  material  passed 
through  is  somewhat  puzzling  and  difficult  to  construe. 

STRUCTURAX.  GEOLOGY. 

The  following  verbal  description  is  intended  to  supplement  the 
information  given  by  the  accompanying  maps  and  sections,  so  as  to 
enable  the  reader  to  fill  the  gaps  left  between  sections  and  to  appre- 
ciate the  relative  proportion  of  known  facts  and  of  inductive  reasoning 
which  form  their  basis  in  different  parts  of  the  area.  He  should 
keep  before  his  mind  the  fact  that  the  surface  maps  represent  the 
actual  rock  surface  from  which  it  is  assumed  that  the  detrital  covering 
of  Wash  and  Lake  beds  has  been  removed.  The  position  and 
approximate  thickness  of  this  covering  is  given  on  the  sections. 
In  this  verbal  description  the  faults  will  be  described  first  and  after- 
wards the  successive  cross  sections  and  different  mines,  or  groups  of 
mines. 

FAULTS. 

In  describing  the^  effect  of  faulting  on  a  series  of  beds,  as  deduced 
from  the  relative  position  in  which  they  are  now  found,  more  than 
one  term  may  be  used  to  express  the  amount  and  character  of  the 
movement.  The  throw  is,  properly  speaking,  the  maximum  amount 
of  movement  along  the  plane  of  the  fault.  Such  a  throw  may  be 
resolved  into  three  factors  or  components: 

(1)  A  vertical  component,  which  is  the  vertical  distance  a  given 
point  has  been  raised  above  its  original  position,  and  which  is  called 
the  vertical  separation. 

(2)  A  horizontal  component,  which  is  the  horizontal  distance  that 
such  a  point  has  been  moved  along  the  plane  of  the  fault  and  which 
is  called  the  lateral  separation  or  offset. 

(3)  The  angle  which  the  plane  of  the  fault  makes  with  the  horizon 
and  which  is  called  its  dip. 

Of  these  the  offset  can  rarely  be  determined,  though  it  is  often 
evident,  from  the  indication  of  the  strise  on  the  walls  of  the  fault, 
that  the  movement  was  not  strictly  vertical,  and  that,  hence,  there 
must  have  been  a  lateral  component.  For  practical  purposes,  in  the 
present  case,  the  vertical  component  and  the  dip,  as  given  by  sec- 
tions along  a  vertical  plane,  such  as  those  here  presented,  furnish 
the  essential  facts.  On  such  sections  the  amount  of  throw  repre- 
^nted  with  a  given  vertical  separation  is  dependent  on  the  angle  of 
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dip  of  the  fault,  being  equal  to  the  vertical  separation  if  the  fault  plane 
is  vertical,  but  increasing  as  its  angle  of  dip  departs  from  the  verti- 
cal. On  the  other  hand,  with  a  given  angle  of  dip  the  vertical  sepa- 
ration naturally  increases  with  the  throw.  The  angle  of  dip  in  the 
normal  faults  in  this  region  is  observed  to  vary  from  point  to  point, 
but  as  observations  on  the  actual  fault^lanes  are  generally  confined 
to  one  or  two  points  the  rest  of  the  fault  must  be  drawn  at  an  arbi- 
trary angle,  which  is  here  assumed  to  be  about  65°,  the  one  most 
commonly  observed.  In  some  cases  the  angle  of  dip  has  been  found 
to  shallow  somewhat  with  depth.  Such  shallowing  is  not  sufficiently 
uniform  to  justify  its  assumption  as  a  general  rule.  On  the  other 
hand,  the  vertical  separation,  being  dependent  on  the  relative  posi- 
tion of  certain  given  rock  formations  in  the  mine  drift  on  either  side 
of  the  fault,  can  be  determined  vnth  considerable  accuracy  for  the 
sedimentary  beds,  though  the  position  of  the  intrusive  sheets  of  Gray 
porphyry  is  more  uncertain,  as  they  are  liable  to  change  in  geological 
horizon  within  comparatively  short  distances.  Hence,  on  the  sec- 
tions the  representation  of  vertical  separation  is  generally  a  closer 
approximation  to  the  truth  than  that  of  the  amount  of  throw. 

Where  the  fault  is  distributed  on  several  planes  the  amount  of 
displacement  on  a  given  plane  is  necessarily  less  than  when  the  total 
movement  is  on  a  single  fault  plane.  For  the  whole  fault  zone  the 
vertical  separation  varies  from  600  to  1 ,000  feet,  but,  as  will  be  ob- 
served, the  amount  of  throw  on  the  same  fault  has  a  much  wider 
range  of  variation. 

The  faults  have  been  represented  by  a  single  line  on  the  sections 
for  the  reason  that,  though  the  amount  of  fault  material  involved 
in  their  movement  may  in  some  cases  reach  a  thickness  of  50  feet  or 
more,  it  varies  very  much  with  the  amount  of  throw,  the  character 
of  rock  passed  through,  etc.,  and  is  sometimes  less  than  the  thickness 
represented  by  a  line  on  the  scale  of  these  sections. 

Pendery  fault, — The  Pendery  is  the  important  fault  of  the  area, 
since  it  is  traceable  continuously  across  its  entire  extent  and  proba- 
bly extends  for  considerable  distances  beyond  it  in  either  direction, 
thus  constituting  one  of  the  great  faults  of  the  region.  Its  tlu-ow 
at  either  end,  where  it  is  a  single  fault,  is  1,000  to  1,200  feet,  as 
determined  by  the  sections,  which  is  probably  a  maximum.  Between 
the  Can  and  Walcott  No.  2  shafts  the  throw  indicated  on  the  Pendery 
fault  is  very  variable,  because  its  movement  is  distributed  on  a  num- 
ber of  minor  fault  planes.  The  number  of  these  minor  faults  is 
greatest  in  the  vicinity  of  the  parallel  39°  16',  where,  as  may  be 
observed,  the  outcrop  of  the  Pendery  fault  has  a  marked  reentering 
curve  to  the  west. 

In  such  a  reentering  curve  on  the  Iron  fault  the  throw  is  also  found 
to  be  distributed  on  a  number  of  minor  fault  planes  or  step  faults. 
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In  the  case  of  the  Pendery  fault  a  possible  reason  for  the  reentering  in 
the  outcrop  may  be  found,  however,  in  the  probable  preexistence  of 
an  earlier  monoclinal  fold,  with  sharp  drop  toward  the  south,  which 
is  known  to  run  in  a  general  east-west  direction  through  the  northern 
end  of  Carbonate  Hill,  just  north  of  the  Wolftone,  Maid,  Seneca,  and 
Harker  shafts,  and  which,  as  will  be  explained  later,  had  an  important 
influence  on  ore  deposition. 

Carbonate  fault. — This  fault  may  be  considered  as  one  of  the  minor 
faults  of  the  Pendery  fault  zone.  Between  the  Carbonate  and  ^tna 
mines  it  has  a  throw  of  250  to  300  feet,  but  the  amount  of  throw 
decreases  toward  the  north  to  such  an  extent  that  it  can  not  be 
traced  continuously.  What  is  assumed  to  be  its  continuation  was 
found  at  about  175  feet  west  of  the  Harker  shaft,  where  its  movement 
is  reversed,  its  downthrow  being  eastward  and  its  displacement  not 
over  50  feet.  Beyond  that  it  has  not  been  proved,  and  it  is  doubtful 
if  it  extends  much  farther  as  a  continuous  plane  of  movement,  though 
other  small  faults  are  known  to  exist  in  the  Stray  Horse  Gulch  depres- 
sion. To  the  south  it  is  represented  as  connecting  with  the  Pendery 
fault  by  a  sharp  bend  westward.  It  has  not  been  actually  proved 
to  have  this  bend,  which  is  assumed  as  the  most  probable  solution  of 
the  facts  observed  in  the  adjoining  mines.  It  is  possible  that  it  con- 
tinues more  directly  south  and  gradually  dies  out.  Faults  of  small 
throw  are  likely  to  have  a  limited  longitudinal  extent,  and  it  is 
probable  that  there  are  other  faults  of  small  throw  in  the  region  to 
the  south  on  which  such  movement  has  been  distributed.  One  such 
fault  of  about  150  feet  throw  has  been  cut  just  east  of  the  Toledo 
Avenue  shaft,  in  California  Gulch,  which  can  not  be  surely  connected 
with  any  other,  though  it  seems  probable  that  it  may  be  the  same 
one  struck  by  the  Revenue  shaft  on  the  mesa  south  of  California 
Gulch.  Small  faults  of  less  than  100  feet  throw  were  also  found  in 
the  Modoc  and  Thespian  ground,  under  the  top  of  Carbonate  Hill. 

Niles  fault. — The  Niles  fault,  so  named  because  it  was  best  shown 
in  a  drift  from  the  Niles  shaft,  is  intermediate  between  the  Carbonate 
and  Pendery  faults.  Toward  the  north  it  was  cut  in  the  Buckeye 
Belle  and  Jolly  workings,  but  has  not  been  proved  farther  north, 
where  it  probably  passes  into  a  slight  fold.  Its  supposed  continua- 
tion southward  passes  into  the  St.  Mary,  Washburn,  and  upper 
Weldon  ground.  That  it  actually  connects  with  the  Pendery  fault, 
as  indicated  on  the  map,  is  not  proved. 

Wild^^at  faults. — Curving  faults  in  the  Wildcat  ground,  indicated 
on  the  map  as  connecting,  respectively,  the  Carbonate,  Niles,  and  the 
Pendery  faults,  have  not  been  determined  by  actual  observation,  as 
they  are  in  ground  which  was  inaccessible  at  time  of  visit.  They 
are  given  as  the  most  probable  explanation  of  the  relative  position 
of  the  different  formations  as  deduced  from  verbal  information. 


Digitized  by  VjOOQIC 


FAULTS.  29 

Bison  fault. — The  Bison  fault,  indicated  on  the  map,  is  shown  only 
in  the  workings  of  the  Bison  mine.  Its  indicated  connection  at 
either  end  with  the  Pendery  fault  is  assumed,  not  observed.  It  has 
a  normal  westerly  dip  and  is  cut  by  the  shaft  and  also  by  the  drifts  of 
the  mine  to  the  west  of  the  shaft.  There  is  another  fault  shown  by 
these  workings  that  has  a  reversed  or  easterly  dip,  so  that  the  wedge- 
shaped  block  of  ground  included  between  this  and  the  Pendery  fault 
has  dropped  instead  of  being  uplifted.  It  is  indicated  as  a  cross  fault 
between  the  Bison  and  Pendery  fault.  All  the  complications  of 
structure  disclosed  by  the  workings  of  the  Bison  mine  could  not  be 
indicated  on  the  present  scale  of  drawing,  nor  were  the  workings 
themselves  sufficiently  extensive  at  time  of  visit  to  admit  of  their 
being  fully  worked  out  and  explained. 

Weldon  fault. — The  Weldon  fault,  so  named  because  its  movement 
apparently  reaches  a  maximum  in  the  Weldon  mine,  is  of  a  rather 
common  type,  and  may  be  called  a  monoclinal  fold  fault,  since  it 
belongs  to  a  class  of  faults  that  usually  pass  into  a  monoclinal  fold  at 
either  end.  They  are  generally  of  small  throw — in  this  case  not  over 
100  feet — and  stand  at  rather  steeper  angles  than  the  normal  faults; 
hence  if  they  extend  far  enough  in  depth  they  will  probably  join  the 
main  fault,  as  is  shown  in  Section  X  (PI.  VI).  This  is,  however,  a 
theoretical  deduction  not  proved  by  actual  observation,  and  it  is  pos- 
sible that  their  vertical  extent  is  as  limited  as  the  horizontal  has 
proved  to  be;  hence,  in  the  sections,  many  of  these  faults  have  not 
been  continued  up  to  the  rock  surface.  South  of  the  Weldon  mine 
the  Weldon  fault  has  been  observed  in  the  Midland  and  P.  O.  S. 
ground  with  very  much  diminished  throw.  Farther  north  it  was 
seen  in  the  Pendery,  Gray  Eagle,  and  Bison  areas,  but  whether  it 
extends  to  a  connection  with  the  Pendery  fault  in  the  Midas  ground 
was  not  determined.  Other  fold  faults  of  comparatively  small 
extent  have  been  observed  which  are  not  indicated  on  the  surface 
map,  and  some  of  these  do  not  cross  the  plane  of  section.  In  these 
the  throw  is  but  slight  and  the  fold  is  not  traceable  for  any  consider- 
able longitudinal  extent. 

Cloud  City  fault. — This  fault  is  clearly  shown  in  the  Cloud  City 
shaft,  where  it  has  two  and  possibly  three  planes  of  movement 
within  a  horizontal  width  of  about  50  feet.  The  workings  disclose  a 
westward  dip  of  the  contact  west  of  the  fault,  but  the  amount  of  its 
throw  had  not  yet  been  proved.  Its  southward  extent  is  probably 
very  limited.  Toward  the  north,  it  is  assumed,  it  connects  with  the 
fault  that  passes  through  the  Sixth  Street-Coronado  ground,  though 
this  connection  has  not  been  proved.  In  the  lower  workings  of  the 
Coronado  it  appears  to  split,  one  branch  going  north  toward  the 
syncUnal  fold  in  the  Capitol  ground;  the  other  bending  eastward  and 
probably  passing  into  a  fold  in  like  mamier.     It  is  noticeable' that  the 
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continuation  of  the  latter  line  up  Little  Stray  Horse  Gulch  marks  a 
rise  in  the  beds  toward  the  north.  It  seems  improbable  that  any 
considerable  faulting  of  the  beds  will  be  found  west  of  the  Cloud  City 
fault,  though  some  small  fold  faults  probably  occur.  In  view  of  its 
limited  longitudinal  extent  and  small  throw,  which  is  probably 
nowhere  much  over  200  feet,  the  Cloud  City  may  be  classed  as  a  fold 
fault. 

GRAY  PORPHYRY  SHEETS. 

The  sedimentary  formations  are  comparatively  uniform  in  thick- 
ness and  always  retain  the  same  relative  position,  so  that  if  the  depth 
of  the  top  or  bottom  of  one  of  these  is  known  one  can  calculate  with 
a  fair  degree  of  accuracy  that  of  the  others  beneath  the  uniform  cov- 
ering of  WTiite  porphyry.  One  can  never  know  beforehand,  how- 
ever, exactly  where  the  Gray  porphyry  sheets  are  to  be  found ;  yet 
in  the  search  for  ore  it  is  extremely  important  to  locate  them,  for 
experience  has  shown  that  in  their  vicinity  important  ore  bodies,  gen- 
erally known  as  second-contact  bodies,  are  liable  to  occur.  The  only 
available  guide  in  searching  for  them  in  unexplored  ground  is  the 
knowledge  of  the  position  they  occupy  in  ground  that  has  already 
been  opened.  The  most  common  position  of  the  Gray  porphyry 
intrusion,  when  it  is  a  single  sheet,  is  about  the  middle  of  the  Blue 
limestone,  and  its  average  thickness  may  be  taken  at  about  50  feet. 
This  is  the  position  given  it  in  those  parts  of  the  sections  where  there 
is  no  ground  furnished,  either  by  actually  observed  data  or  by  infer- 
ence, for  placing  it  elsewhere.  Its  most  pronounced  departure  from 
this  average  position  is  in  the  middle  ground,  in  the  vicinity  of  Pen- 
rose and  Midas  shafts,  where  it  rises  in  places  to  the  top  of  the  Blue 
limestone,  and  at  several  points  apparently  splits,  sendmg  off  shoots 
at  lower  horizons,  since  two  or  more  distinct  sheets  are  found  at  cer- 
tain points.  Section  XII  (PI.  VII)  gives  the  most  comprehensive  view 
of  the  general  distribution  of  the  Gray  porphyry  sheets,  from  which 
it  is  seen  that  from  near  the  Lazy  Bill  shaft  northward  to  the  line  of 
the  Sixth  Street  shaft  it  is  near  or  actually  in  contact  with  the  over- 
lying White  porphyry,  and  that  within  this  extent  there  are  several 
small  sheets  at  some  distance  below  it.  North  and  south  of  this  area 
it  descends  in  horizon  quite  abruptly  in  the  Sixth  Street-Coronado 
ground,  and  more  gradually  toward  the  south,  through  the  Weldon, 
Bon  Air,  and  Bohn  claims.  Near  the  latter  shaft  there  is  another  ver- 
tical body,  which  is  assumed  to  be  an  offshoot  from  the  main  sheet, 
though  its  actual  junction  with  it  could  not  be  seen.  To  the  east  of 
the  Penrose  shaft  the  main  sheet  descends  in  horizon  somewhat 
abruptly  in  places,  and  in  the  Bison  ground  it  apparently  forms  two 
sheets,  though,  owing  to  the  extremely  complicated  faulting  in  this 
ground,  one  can  not  be  sure  of  the  original  position  of  the  different 
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beds.  Farther  northeast,  beyond  the  Pendens  fault,  in  the  Elk- 
Hussey  ground,  it  Hes  a  comparatively  short  distance  above  the 
quartzite.  Still  farther  east,  in  the  Stray  Horse  Gulch  depression,  it 
cuts  across  the  other  beds,  at  some  places  in  such  thickness  that  the 
possibility  is  suggested  that  there  may  be  a  vent  in  that  region 
through  which  it  has  come  up  through  the  underlying  Archean. 
Farther  north,  in  the  Poverty  Flat  region,  and  farther  west,  beyond 
the  Cloud  City  fault,  it  has  not  yet  been  cut  by  any  shafts  or  drill 
holes,  and  although  this  is  not  absolute  proof  of  its  nonexistence,  it 
has  been  indicated  on  the  respective  sections  as  wedging  out,  since 
they  are  drawn  on  the  principle  of  indicating  only  those  features  of 
whose  existence  there  is  some  positive  evidence,  either  direct  or 
indirect.  Thus  on  Section  XI  (PL  VII),  midway  in  its  extension 
beyond  the  limits  of  the  map,  the  Valentine  shaft  found  45  feet  of 
Gray  porphyry  between  White  porphyry  and  Blue  limestone,  while 
the  Maple  Street  shaft,  at  the  western  extremity  of  the  section,  went 
135  feet  into  Blue  limestone  without  cutting  any  Gray  porphyry. 
On  this  ground  the  Gray  porphyry  sheet  is  represented  as  wedging 
out  midway  between  the  two  shafts. 

There  is  as  yet  no  absolute  evidence  of  Gray  porphyry  sheets 
below  the  Parting  quartzite  in  this  area  except  on  Fryer  Hill,  in  the 
Colorado  Chief  No.  2  shaft.  On  the  original  map  a  sheet  was  indi- 
cated in  Silurian  limestone  at  its  crossing  of  California  Gulch  on  the 
evidence  of  material  supposed  to  come  from  a  couple  of  small  shafts 
in  that  neighborhood,  but  it  is  now  thought  that  there  was  some  error 
in  the  location  of  these  shafts  or  in  the  determination  of  their  horizon 
and  that  there  is  no  sufficient  reason  for  supposing  that  such  a  sheet 
exists.  Although  comparatively  few  drill  holes  have  been  sunk  to  the 
underlying  granite  west  of  the  Pendery  fault,  and  the  evidence  is 
therefore  negative  for  a  considerable  part  of  the  area,  it  is  probable 
that  there  is  no  general  Gray  porphyry  sheet  in  these  lower  horizons. 

ORES  OF  THE  DISTRICT. 

GENERAL  CONDITIONS. 

As  these  ores,  so  far  as  developed  when  the  present  examination 
was  made,  have  practically  the  same  mineralogical  composition  as 
those  which  were  fully  described  in  the  original  report,  no  special 
study  of  them  has  been  attempted  during  the  various  visits  to  the 
district  made  for  the  purposes  of  this  revision.  Indeed,  all  the  time 
that  could  be  devoted  to  underground  work  in  each  case  was  taken 
up  in  searching  for  facts  bearing  on  geological  structure  and  on  the 
genesis  of  the  ore  bodies. 

Up  to  the  time  of  the  last  visit  the  developed  ore  bodies  lay  entirely 
within  the  oxidized  zone  and  were  all  found  at  horizons  above  the 
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Parting  quartzite  except  a  few  bodies  at  lower  horizons  that,  being 
laid  bare  by  the  scoring  off  of  the  overlying  beds  in  the  Stray  Horse 
Gulch  valley  depression,  were  found  immediately  below  the  Wash. 
The  existence  of  sulphide  ores  in  the  White  limestone  just  east  of  the 
Cloud  City  fault  in  the  Penrose,  Sixth  Street,  and  Coronado  grounds 
had  been  determined  by  a  series  of  diamond-drill  borings  from  the 
600-foot  levels,  but  these  ores  had  not  yet  been  reached  by  mine  drifts. 
From  their  analogy  with  other  sulphide  ores  of  the  district,  it  may  be 
assumed  that  these  consisted  originally  of  diversely  shaped  masses  of 
p}Tnte  and  marcasite,  with  a  varying  admixture  of  zinc  blende  and 
galena  irregularly  distributed  tlurough  their  mass  and  at  some  places 
following  rather  ill-defined  lines. 

METHOD  OF  OXIDATION. 

The  process  of  oxidation,  being  carried  on  through  the  agency  of 
waters  coming  from  the  surface,  acts  primarily  on  the  upper  surface 
of  the  sulphide  body,  but  when  the  latter  is  exceptionally  dense  and 
of  considerable  size  the  oxidation  may  proceed  from  the  sides  and 
even  from  the  under  surface  inward  before  the  center  of  the  mass  is 
completely  altered.  The  first  step  in  the  process  is  its  gradual  dis- 
integration into  a  sand  of  loose  crystalline  grains,  the  faces  of  the 
crystals  becoming  more  and  more  pitted  as  the  process  advances. 
The  metallic  sulphides  first  become  sulphates  and  gradually  suffer 
further  changes  until  they  reach  a  stable  form.  During  these  changes 
there  must  have  been  a  certain  amount  of  transmigration  of  materials 
involved,  which  tended  to  enlarge  the  area  occupied  by  the  ore  bodies, 
though,  as  a  certain  part  of  the  altered  matter  must  have  been 
entirely  carried  away,  the  actual  weight  of  the  oxidized  ore  is  probably 
less  than  that  of  the  original  sulphide. 

Iron. — The  first  product  of  the  alteration  of  the  iron  sulphides  is 
the  hydrous  sulphate,  melanterite,  or  iron  vitriol,  which  can  be  seen 
in  some  places  among  the  partly  altered  grains  of  pyrite.  This  is, 
however,  an  extremely  unstable  compound  and  may  change  to  a  basic 
ferric  sulphate,  which  is  apt  to  settle  near  the  base  of  the  ore  body  in 
the  form  of  an  ocherous  yellow  cla^^,  carrying  considerable  silver,  lead 
sulphate,  and  other  minerals.  In  greater  part,  however,  it  becomes 
the  hydrous  oxide — limonite — which  penetrates  and  replaces  the 
surrounding  limestone  and  with  a  varying  admixture  of  other 
materials,  principally  silica  and  manganese  dioxide,  forms  the  low- 
grade  ore,  or  vein  material^  locally  known  as  iron. 

Zinc. — The  hydrous  zinc  sulphate  is  presumably  more  soluble  and 
less  stable  than  the  corresponding  iron  sulphate.  In  Leadville,  like 
the  gypsum,  which  should  have  been  formed  by  the  reaction  between 
iron  sulphate  and  limestone,  it  is  practically  absent  from  the  oxidized 
zone  and  must  have  been  carried  away  in  solution  or  redeposited  as  a, 
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sulphide  below  the  zone  of  oxidation.  It  has,  in  fact,  been  observed 
that  the  sulphide  ores  are  much  richer  in  zinc  blende  immediately 
below  the  limit  of  oxidation  than  elsewhere.  Dechenite,  or  the  vana- 
dite  of  lead  and  zinc,  is  also  found  as  an  accessory  and  rather  rare 
mineral. 

Lead, — ^Lead  minerals  being  less  soluble  than  those  of  the  other 
metals,  many  unaltered  kernels  of  the  sulphide,  galena,  are  foimd  in 
the  midst  of  oxidized  ore  bodies.  Aroimd  such  kernels  the  normal 
process  of  alteration  through  the  sulphate,  anglesite,  to  the  carbonate, 
cerussite,  can  generally  be  observed,  but  throughout  the  mass  of  the 
oxidized  ores  the  predominant  lead  mineral  is  cerussite,  in  which  no 
anglesite  is  observed.  Pyromorphite,  the  chlorophosphate  of  lead, 
is  occasionally  found  in  the  richer  bodies. 

Two  general  forms  of  lead  carbonate  ore  are  recognized  by  the 
miners  as  ''sand  carbonate'*  and  ''hard  carbonate."  The  former  are 
aggregations  of  imperfectly  crystalline  granules  of  cerussite,  the 
largest  bodies  of  which  are  as  a  rule  foimd  immediately  under  or  near 
the  porphyry  contact.  They  are  composed  of  remarkably  pure  car- 
bonate of  lead,  some  of  them  white,  but  most  of  them  somewhat 
stained  by  metallic  oxides,  and  are  evidently  the  product  of  the  alter- 
ation in  place  of  considerable  bodies  of  galena.  The  hard  carbonate 
is  a  jasperoid,  or  siliceous  replacement,  impregnated  with  cerussite, 
in  which  the  latter  may  have  been  slightly  transposed  during  altera- 
tion. It  is  irregularly  distributed  through  the  mass  of  iron  vein 
material,  but  is  especially  abimdant  aroimd  large  bodies  of  sand  car- 
bonate. As  a  rule,  the  sand  carbonates  contain  the  smallest  amoimt 
of  silver  in  proportion  to  the  lead  present — say,  20  to  40  oimces  of 
silver  in  ores  that  nm  50  to  70  per  cent  of  lead;  whereas  the  hard 
carbonates  generally  carry  about  an  ounce  of  silver  to  each  imit  of 
lead. 

The  galena  in  the  oxidized  ores  is  exceptionally  rich,  often  running 
several  hundred  ounces  to  the  ton,  which  is  apparently  due  to  second- 
ary enrichment. 

Silver, — The  amount  of  silver  in  the  original  sulphide  ore  is  so  small 
that  its  presence  can  not  be  detected  by  the  eye.  It  is  probablv  in 
the  form  of  sulphide,  but  whether  mechanically  mixed  with  the  other 
sulphide  or  in  actual  combination  has  not  been  determined.  From 
the  few  analyses  available  it  would  appear  to  be  more  abundant  in  the 
zinc  blende  and  galena  than  in  the  pyrite,  though  it  is  very  generally 
present  in  the  latter.  In  the  imaltered  and  enriched  ores,  while 
galena  and  zinc  blende  may  carry  50  or  more  ounces  per  ton,  the 
pyrite  would  not  be  expected  to  assay  more  than  10  ounces. 

In  the  oxidized  ores,  probably  owing  to  the  ready  solubility  of  its 
sulphate,  silver  seems  to  have  been  the  most  generally  transposed 
Bull.  320-07 3 
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metal  next  to  zinc,  for  it  is  universally  present  in  small  amounts  in  all 
vein  material,  and  the  countr}^  rock  around  the  ore  body  is  often 
impregnated  to  a  slight  extent.  Its  stable  and  visible  form  is  the 
chloride,  which,  in  the  Leadville  ores,  usually  has  a  slightly  greenish 
color  and  contains  a  small  amount  of  bromine  and  iodine.  It  usually 
lines  cracks  or  joints  in  the  other  minerals,  but  is  in  places  concen- 
trated in  small  bodies,  in  some  of  which  a  crystalline  structure  is 
distinguishable. 

Native  silver  is  occasionally  found  in  the  richer  ore  bodies,  especially 
at  the  upper  contact.  In  general  distribution  the  tenor  in  silver  in  the 
oxidized  ores  diminishes  with  depth.  The  upper-contact  bodies  as  a 
whole  are  the  richest  in  silver,  the  second-contact  bodies  having  on  the 
average  a  slightly  lower  tenor,  while  at  lower  horizons  the  ore  is  of 
distinctly  low  grade.  Under  favorable  conditions  exceptionally  rich 
concentrations  may  be  found  at  either  horizon,  but  these  are  more 
common  at  the  upper  contact  than  elsewhere. 

Gold. — The  small  amount  of  gold  found,  which  in  the  ores  in  this 
part  of  the  district  rarely  reaches  more  than  a  few  hundredths  of  an 
ounce  per  ton,  is  intimately  associated  with  the  silver.  In  some  parts 
of  the  district  traces  of  telluride  have  been  found,  which  would  suggest 
a  combination  with  that  metal,  but  nothing  can  be  definitely  deter- 
mined with  regard  to  the  constitution  of  a  metal  that  occurs  in  such 
infinitely  small  amount. 

Manganese, — There  is  a  notable  difference  in  the  relative  amount  of 
manganese  found  in  the  sulphide  and  the  oxidized  ore  deposits  of  the 
Leadville  district.  The  silicate  and  carbonate  (rhodonite  and  rhodo- 
chrosite),  which  are  the  usual  mineral  forms  in  which  manganese 
occurs  in  original  ore  deposits,  are  notably  absent  from  the  sulphide 
bodies  at  Leadville.  Examination  of  a  large  number  of  analyses  of 
sulphide  ores  has  shown,  moreover,  that  the  amount  of  manganese  is 
rarely  over  2  per  cent,  and  that  the  average  is  probably  not  over  1  per 
oent.  In  the  oxide  zone  the  great  mass  of  the  iron  vein  material 
contains  a  varying  percentage  of  manganese  oxide,  and  with  increase 
in  the  proportion  of  this  metal  the  whole  mass  assumes  a  brown-black 
color  and  is  known  to  the  miners  as  black  iron.  As  a  general  rule  the 
black-iron  de])asits  seem  to  be  more  abundant  in  the  upper  part  of  the 
deposits  near  the  contact  with  an  overlying  porphyry  sheet,  the  man- 
ganese decreasing  with  depth.  Large  areas  of  such  bodies  carr}'  from 
L5  to  25  per  cent  of  manganese,  with  20  to  30  per  cent  of  iron,  and 
when  so  situated  that  they  could  be  very  cheaply  mined  considerable 
shipments  of  such  ore  have  been  made  from  time  to  time  to  steel  works 
as  far  east  as  Chicago. 

The  question  which  naturally  presents  itself  is,  Wliat  is  the  reason 
for  such  an  abnormal  increase  in  the  percentage  of  manganese  relative 
to  that  of  iron  during  the  alteration  from  sulphide  to  oxide?     The 
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explanation  which  at  first  suggests  itself,  and  which  has  been  advanced 
by  Mr.  Blow,  is  that  an  additional  amount  of  manganese  oxide  has 
been  leached  from  the  overlying  porphyries  by  surface  waters,  since 
most  of  the  porphyries  contain  small  percentages  of  manganese,  and  in 
a  variety  of  White  poiphyry,  called  by  the  miners  "forest  rock,'*  it  is 
visible  in  abundant  dendrites  on  joint  cracks.  The  apparent  greater 
abundance  of  manganese  immediately  under  porphyry  contacts,  which 
would  have  been  the  first  reached  by  descending  waters,  favors  this 
hypothesis.  On  the  other  hand,  analyses  show  that  porphyries  which 
carry  manganese  contain  an  even  higher  percentage  of  iron,  so  that  it 
would  seem  further  necessary  to  prove  that  manganese  oxide  is  either 
more  readily  dissolved  or  more  readily  precipitated  than  iron  oxide. 
Vogt,"  in  wTiting  on  the  bog  deposits  of  manganese,  whose  origin  in 
Sweden  and  Norway  he  ascribes  to  the  leaching  of  eruptive  rocks, 
advocates  the  former  idea,  reasoning  that  in  acidic  eruptives  the  iron  is 
most  commonly  in  the  form  of  insoluble  oxides,  such  as  magnetite, 
ilmenite,  etc. ;  whereas  manganese  occurs  in  the  silicates,  whose  decom- 
position yields  a  soluble  product.  It  is  a  very  generally  observed 
fact,  however,  that  in  deposits  containing  oxides  of  iron  and  manga- 
nese, associated  together,  the  manganese  ore  extends  only  to  a  limited 
distance  below  the  surface,  and  that  the  proportion  of  iron  increases 
with  depth  as  that  of  manganese  diminishes.  Whether  such  deposits 
are  original  or  secondary,  they  have  in  most  cases  reached  their  pres- 
ent condition  through  the  agency  of  surface  waters,  whence  it  may  be 
inferred  that  manganese  oxide  is  more  readily  precipitated  and  more 
stable  than  iron  oxide  under  such  conditions. 

In  the  present  case,  to  prove  that  there  has  been  an  actual  addition 
of  manganese  to  a  given  deposit  during  oxidation  it  would  be  necessary 
to  determine  the  total  amount  present  in  the  ore  before  and  after  such 
oxidation,  which  is  manifestly  impossible.  If  there  has  been  such  an 
addition  the  manganese  is  likely  to  have  been  derived  from  the  por- 
phyries. In  any  event,  however,  some  selective  action  in  the  relative 
precipitation  of  the  two  metals  seems  necessary  to  account  for  their 
present  relative  distribution. 

EARTHY  MINERALS. 

Of  gangue,  or  nonmetalHc  minerals,  silica  is  the  most  abundant,  but 
it  rarely,  if  ever,  occurs  in  the  cr^^stalline  form  of  vein  quartz.  In 
sulphide  ore  bodies  it  is,  like  the  metals,  a  replacement  of  the  lime- 
stone, and  the  general  term  *'jasperoid^'  has  been  given  to  designate 
all  the  varying  forms  of  siliceous  replacement.  In  the  oxidized  zone 
it  may  occur  in  granular  form,  retaining  in  great  measure  the  lime- 
stone structure,  or  in  lenslike  sheets  of  chert,  which  often  form  the 
floor  of  an  ore  body,  or,  again,  as  the  jasperlike  matrix  of  the  hard 


aZeitschr.  lUr  prakt.  Geol.,  July,  1906,  p.  217. 
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carbonate  ores,  and  in  the  latter  case  seems  to  have  been  either  trans- 
posed or  added  during  oxidation.  That  there  has  been  an  actual 
addition  of  silica  is  not  susceptible  of  direct  proof,  but  the  impression 
derived  from  a  general  inspection  of  the  ore  bodies  is  that  on  the  whole 
the  oxidized  ores  contain  more  silica  than  the  sulphides. 

The  oxidized  ores  often  appear  very  clayey,  but  except  near  the 
porphyry  contacts,  where  there  are  clay  bodies  evidently  resulting 
from  the  decomposition  of  porphyry,  the  percentage  of  alumina  in  the 
ores  is  very  small,  not  amounting  to  over  1  or  2  per  cent. 

Barite  and  calcite  are  occasionally  found  in  the  oxidized  ores,  but 
form  no  considerable  portion  of  them. 

DISTRIBUTION  OF  ORE. 

It  would  be  rather  inadvisable,  even  if  it  were  possible,  to  give 
detailed  descriptions  of  all  the  mine  workings  in  this  area,  as  they 
could  hardly  be  made  intelligible  without  detailed  maps.  An  assem- 
bled map  of  the  workings  of  the  principal  mines  examined  was  .made 
for  the  purposes  of  this  study,  and  the  most  important  general  facts 
deduced  from  it,  with  regard  to  geological  structure  and  distribution 
of  ore,  are  represented  on  the  accompanying  map  and  sections.  The 
outlines  of  the  ore  bodies  are  most  indefinite  in  the  mines  themselves, 
owing  to  the  very  gradual  and  often  imperceptible  gradation  from  pay 
ore  to  slightly  altered  country  rock,  and  it  was  possible  to  examine 
only  a  limited  portion  of  the  ore  bodies  that  have  actually  been 
mined.  For  thisreason,  and  in  further  consequence  of  the  small  scale 
of  the  map,  it  has  been  possible  to  indicate  only  in  a  very  general 
and  imperfect  way  the  outlines  and  general  distribution  of  the  ore 
bodies.  The  object  of  the  present  chapter  is  to  supplement  these  indi- 
cations, as  far  as  the  data  collected  will  permit,  by  a  verbal  description 
of  the  geological  relations  and  distribution  of  the  ore  in  the  several 
mines  or  groups  of  mines.  Such  a  description  would  necessarily  be 
less  intelligible  to  the  general  reader  than  to  those  actually  occupied 
in  exploiting  the  mines  of  the  district.  The  general  order  will  be 
followed  of  taking  up  first  the  ore  bodies  lying  east  of  the  fault, 
then  those  along  the  fault  zone  itself,  and  finally  those  in  the  region  to 
the  west  of  it,  as  far  as  it  had  been  explored  at  the  time  of  inspection. 
In  accordance  with  local  practice,  ores  that  occur  between  the  White 
and  Gray  porphyries  will  be  called  upper-  or  first-contact  ores,  those 
beneath  the  Gray  porphyry  second-contact  ores,  and  those  below  the 
Parting  quartzite  third-contact  ores. 

AREA    EAST   OF   THE    FAULT   ZONE. 
CARBONATE  HILL. 

The  sedimentary  formations  on  Carbonate  Hill  have  a  fairly  uni- 
form dip  to  the  east  and  south  at  angles  of  15°  to  20°,  but  there  are 
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locally  sharp  bends  or  warps  where,  for  a  short  distance,  the  strata 
have  buckled  down  at  much  steeper  angles,  at  some  places  approach- 
ing the  vertical.  There  is  one  prominent  intrusive  sheet  of  Gray 
porphyry  in  the  Blue  limestone  whose  thickness,  though  varying 
from  point  to  point,  is  prevailingly  50  feet  or  more.  Its  position  is 
also  variable,  since,  though  generally  found  below  the  middle  of  the 
formation,  it  cuts  across  the  beds  at  some  places  so  as  to  approach 
their  upper  surface,  and  may  split  into  two  or  more  sheets.  Narrow, 
dikelike  bodies  of  Gray  porphyry  are  also  found  occupying  a  more 
upright  position,  but  many  of  these  have  proved  to  be  offshoots  or 
apophyses  from  the  main  sheet,  and  it  is  probable  that  all  of  them  are 
of  this  character.  A  few  of  these  dikelike  bodies  extend  up  to  tho 
White  porphyry,  either  flattening  out  against  its  under  surface  or 
penetrating  it  a  short  distance  beyond  the  contact. 

Favorable  positions  for  the  accumulation  of  ore  are  near  the  under 
surfaces  of  the  porphyry  sheets,  in  the  vicinity  of  the  dikelike  bodies 
and  near  the  sharp  bends  of  the  strata,  especially  where  the  fold  has 
passed  into  a  small  fault.     The  oxidizing  action  of  the  surface  waters 
has  reached  rather  unusual  depths,  in  some  places  as  much  as  500  or 
600  feet  from  the  surface,  probably  because  of  the  dip  of  the  beds  and 
the  scanty  covering  of  White  porphyry  above  the  limestone  on  its 
western  face,  so  that  with  the  exception  of  occasional  residual  masses 
of  galena  little  or  no  sulphide  ore  has  been  mined  on  Carbonate  Hill. 
Ore  has  been  developed  most  abundantly  along  the  northern  por- 
.  tion  of  the  hill  in  the  Crescent,  Catalpa,  Evening  Star,  Morning  Star, 
Waterloo,  and  Henriette  claims.     At  the  time  the  original  report  was 
written  there  had  been  developed  at  the  upper  contact  a  large  body  of 
rich  oxidized  ore  several  hundred  feet  wide  that  had  a  general  north- 
east trend  along  the  four  first-mentioned  claims  and  reached  its  great- 
est development  in  the  Evening  Star,  where  it  was  up  to  60  or  even  80 
feet   thick.     At  the  same  time  important  bodies  had  already  been 
developed  at  the  second  contact,  or  under  the  intrusive  sheet  of  Gray 
porphyry.     The  main  branch,  outcropping  near  the  Halfway  House 
shaft,  extended  in  a  northeasterly  direction  into  the  hill,  while  the 
second  or  smaller   branch,  outcropping  near  the  Forsaken  branch 
and  running  northeast,  joined  the  main  shoot  at  about  300  feet  from 
the  outcrop.     This  ore  body  had  a  steeper  dip  than  the  upper  con- 
tact for  the  reason  that  the  Gray  porphyry  is  crosscutting  and  has  a 
slightly  greater  angle  than  the  bedding  planes.     The  manner  of  occur- 
rence of  the  ore  in  these  ore  bodies  is  described  in  detail  in  the  memoir 
of  Mr.  Ricketts,**  who  made  a  special  study  of  them  during  the  sum- 
mer of  1882.     The  upper-contact  ores  were  so  rich,  averaging  perhaps 
70  to  SO  ounces  of  silver  per  ton,  that  even  with  the  high  cost  of  treat- 
ment  then  prevailing  they  yielded  very  high  net  returns,  and  the 

a  Rlcketta,  Louis  D.,  The  Ores  of  LeAdvlUe,  Princeton,  1883. 
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Evening  Star  mine,  with  only  5  acres  of  ground,  is  said  to  have  paid 
$1,400,000  in  dividends  to  its  stockholders  in  a  few  years.  In  the 
immediately  succeeding  years  the  ore  bodies  were  followed  vigorously 
northward  and  eastward,  thus  leading  in  later  years  to  the  develop- 
ment of  the  great  ore  bodies  in  the  Maid  and  Wolftone  mines.  Most 
of  the  mines  in  this  part  of  the  hill  were  long  ago  abandoned,  and  it  has 
been  impossible  to  obtain  such  data  as  would  permit  an  actual  outlin- 
ing of  their  ore  bodies.  It  can  only  be  said  in  a  general  way  that  a 
very  great  part  of  the  ground  in  this  portion  of  the  hill  has  been  found 
to  be  ore  bearing,  though  it  did  not  all  pay  to  work  at  the  time  it  was 
abandoned.  The  ore  is  by  no  means,  confined  to  the  contact  with  the 
porphyry,  but  extends  into  the  sedimentary  b^ds  along  joint  and 
fracture  planes,  which,  in  the  oxidized  zones,  are  with  difficult}^  dis- 
tinguishable. 

A  structural  feature  which  has  most  important  bearing  on  ore  devel- 
opment is  a  strong  downward  bend  in  beds  along  an  east-west  line, 
passing  just  north  of  the  Harker,  Seneca,  and  Maid-Combination 
shafts.  In  places  along  this  line  it  amounts  only  to  a  steepening  of 
the  southward  dip  of  the  beds  from  an  average  of  15°  to  45°,  60°,  or 
even  80°,  while  at  other  points  it  passes  into  an  actual  fault,  of  gener- 
ally small  displacement,  and  often  distributed  on  several  planes  of 
movement.  Along  this  line,  especially  on  the  upper  and  northern 
side  of  the  bend,  there  has  been  an  unusual  ore  concentration  which 
can  be  traced,  though  not  continuously,  from  the  city  of  Leadville 
eastward  across  the  northern  ends  of  Carbonate  and  Iron  liills  nearly 
to  Adelaide  Park.  In  a  vertical  direction  also  mineralization  has 
extended  through  an  unusual  depth,  ore  shoots  having  been  found  at 
successively  lower  horizons,  though  with  no  apparent  connection 
between  them,  down  to  the  Transition  series  of  beds  between  the 
White  limestone  and  Cambrian  quartzite.  In  the  lower  horizon  the 
silver  content  of  these  ores  falls  off  very  noticeably,  even  when  the 
lead  percentage  is  very  high.  For  instance,  45  per  cent  lead  ores 
nave  been  found  to  carry  only  2  to  3  ounces  of  silver  to  the  ton. 

The  upper-contact  bodies  have  been  in  great  measure  scored  off 
from  that  part  of  the  northern  portion  of  the  liill  that  comes  within 
the  boundaries  of  the  present  map,  so  that  it  can  not  be  determined 
whether  any  connection  has  ever  existed  between  them  and  those  to 
the  west  of  the  fault  zone. 

Farther  south,  in  the  Shamrock,  Carbonate,  Little  Giant,  and 
Yankee  Doodle  grounds,  a  second  series  of  upper-contact  bodies  have 
been  worked  out,  which,  though  rather  disconnected,  have  as  a  whole 
a  general  northeasterly  trend.  Of  the  later  developments  in  this 
region  very  little  information  has  been  obtained.  Apparently  the 
area  of  upper-contact  ores  has  not  been  very  much  increased.  Vari- 
ous disconnected  ore  bodies  have  been  opened  within  the  mass  of 
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the  limestone  alongside  of  or  near  the  crosscutting  dikelike  bodies 
of  Gray  porphyr}^,  but  there  is  apparently  no  continuous  second-con- 
tact ore  body  under  the  Gray  porphyry  sheet,  though  a  few  small 
pockets  of  ore  have  been  found  in  places  within  the  White  limestone. 
From  what  has  been  learned  of  the  distribution  of  ore  under  Carbon- 
ate Hill  it  would  appear  to  have  had  a  decided  tendency  to  spread 
out  and  dissipate  itself  toward  the  south,  as  if  the  ore-bearing  cur- 
rents had  originated  at  the  northern  end  of  the  hill  and  had  moved, 
from  there  southwestward  along  bedding  and  contact  planes,  depos- 
iting their  load  slowly  as  they  proceeded,  at  first  in  comparatively 
continuous  shoots  and  then  in  smaller  and  more  scattered  bodies  as 
the  distance  increased. 

8TSAT  HORSE  OXJLOH  DEPBE88I0K. 

Under  the  valley  depression  between  Carbonate  and  Frj^er  hills, 
now  occupied  by  the  two  Stray  Horse  gulches,  a  secondar}^  or  trans- 
verse fold  is  suggested  by  the  fact  that  the  beds  to  the  south  have  a 
southeasterly  and  to  the  north  a  northeasterly  dip.  A  little  north 
of  the  limits  of  the  present  map  there  is  an  unusual  development  of 
crosscutting  bodies,  both  of  the  White  and  Gray  varieties  of  por- 
phyry, which  may  have  produced  a  doming  up  of  the  overlying  beds, 
and  thus  this  apparent  anticlinal  structure.  WTiatever  the  cause, 
the  result  has  been  that  erosion  has  cut  down  to  an  abnormal  de|)th 
and  successively  lower  horizons  have  been  laid  bare  beneath  the  Wash 
on  the  several  benches  produced  by  faulting,  while  the  entire  upper 
contact  and  a  portion  of  the  second  contact  have  been  carried  away. 
Tlie  existence  of  such  a  second  uplift  was  indicated  on  the  original 
map,  but  an  error  was  made  in  assuming  an  intervening  s>nicline  at 
the  northwest  base  of  Carbonate  Hill  around  the  Halfway  House  and 
Lower  Henriette  shafts.  The  reason  for  assuming  this  structure  was 
that  these  shafts  had  apparently  passed  through  White  porphyry 
before  reaching  the  ore,  in  which  case  the  ore  would  have  been  upper 
contact,  but  in  somewhat  abnormal  position.  Subsequent  develop- 
ments, especially  the  discover}^  of  the  Niles  and  Pendery  faults,  have 
rendered  it  probable  that  this  porph}Ty  was  simply  a  bleached  and 
decomposed  Gray  porphyr}'  in  normal  position  above  the  second-con- 
tact ore  body,  as  shown  in  Section  IV  (PI.  IH). 

The  western  continuation  of  this  ore  body  has  been  mined  in  the 
Elk  and  Hussey  grounds  below  the  Niles  fault,  where  it  lies  between 
the  Parting  quartzite  and  Gray  porphyry,  while  the  ore  body  found 
above  the  Parting  quartzite  in  the  drift  running  westward  from  tlie 
Xiles-Augusta  shaft  is  the  probable  continuation  of  the  southern 
branch  of  this  ore  body  that  had  been  mined  in  the  Forsaken  and 
Lower  Evening  Star  ground. 

In  the  ground  explored  by  the  workings  of  the  Elk  and  Hussey 
mines  the  general  dip  of  the  formations  is  to  the  southeast,  there 
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being  from  45  to  60  feet  of  Blue  limestone,  or  ore  which  replaces  it, 
between  the  Parting  quartzite  and  the  overlying  Gray  poqjhyry. 
The  quartzite  floor  is  somewhat  corrugated  by  minor  folds,  but  in 
general  tends  to  flatten  out  to  the  northwest,  while  in  the  opposite 
directions  the  formations  have  a  sharp  downward  bend  a  short  dis- 
tance to  the  southeast  of  the  shafts,  then  flatten  in  a  trough  or  basin, 
beyond  which  they  bend  up  sharply  against  the  Niles  fault.  This 
sharp  downward  bend  is  in  a  general  Une  with  that  running  east 
and  west  through  the  north  end  of  Carbonate  Hill.  The  ore,  though 
not  continuous,  occupies  a  very  considerable  area,  both  in  the  basin 
and  on  the  higher  ground  to  the  northwest.  At  many  localities  it 
replaces  the  entire  thickness  o^  Umestone  between  the  Gray  por- 
phyry and  Parting  quartzite.  It  was  found  to  be  rather  richer  than 
the  average  second-contact  ore,  its  greater  richness  being  probably 
due  to  the  fact  that,  being  so  near  the  Wash,  it  has  been  more  exposed 
to  secondary  enrichment.  Numerous  drill  holes  were  sunk  in  vari- 
ous parts  of  this  ground  down  into  the  White  limestone  in  search 
of  ore  bodies  at  lower  horizons,  but  without  avail. 

A  drift  across  the  Pendery  fault,  run  westward  from  the  Elk  shaft 
at  about  220  feet  below  the  surface,  has  furnished  data  with  regard 
to  that  fault  that  have  so  important  a  general  bearing  that  they  will 
be  given  in  some  detail.  Toward  the  fault  the  Gray  porphyry  has 
been  scored  off  and  the  limestone  and  ore  lie  immediately  beneath 
the  Wash.  The  drift  on  crossing  the  fault  passes  through  limestone 
into  brown  clayey  Lake  bed  material,  which  shows  some  sheeting 
parallel  to  the  fault  plane.  Against  the  limestone,  which  forms  the 
east  wall,  standing  at  an  angle  of  62°,  there  still  rests  a  thin  clay 
seam,  in  places  black;  at  others  a  White  porphyry  clay  containing 
fragments  of  chert,  of  such  a  nature  that  it  could  not  have  stood 
against  an  original  cliff.  It  is  thus  proved  that  there  must  have 
been  movement  on  the  plane  of  this  fault  since  the  Lake  bed  mate- 
rial to  the  west  of  it  was  deposited.  Further  evidence  is  offered  by 
the  record  of  a  drill  hole,  sunk  from  the  same  drift  160  feet  west  of 
the  fault,  which  went  through  78  feet  of  Lake  bed  material  before 
reaching  White  porphyry  in  its  normal  position  above  the  Blue  lime- 
stone. On  the  east  side  of  the  fault  there  is  30  to  50  feet  of  rock 
above  this  drift  before  the  Wash  is  reached,  so  that  we  have  a  sud- 
den deepening  of  the  rock  surface  to  the  west  of  the  fault  of  over 
100  feet,  much,  if  not  all,  of  which  difference  in  level  may  be  attrib- 
uted to  movement  on  the  fault  plane  since  the  Lake  beds  were 
deposited. 

North  of  the  general  line  of  the  Hussey  workings  a  number  of 
isolated  shafts,  such  as  the  Last  Chip,  Ypsilanti,  Ida  Nyce,  Hope,  etc., 
have  found  small  ore  bodies,  presumably  at  the  same  general  hori- 
zon as  those  of  the  Hussey,  or  second-contact  bodies,  but  as  the 
rather  meager  data  obtained  with  regard  to  them  were  oral,  and  not 
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checked  by  personal  examination  underground,  the  structure  repre- 
sented on  this  portion  of  the  map  is  of  a  lesser  degree  of  accuracy 
than  the  average.  The  map  shows,  for  instance,  that  the  Niles  fault 
gradually  dies  out  to  the  north  and  passes  into  an  anticlinal  fold. 
This  is  simply  the  hjrpothesis  that  best  fits  the  facts  determined  in 
the  surrounding  region,  for  the  workings  of  the  Jolly  mine  are  the 
most  northerly  that  are  known  to  have  cut  this  fault.  Small  faults 
have  been  noted  in  the  Heytrosser  and  other  mines,  but  their  loca- 
tion is  too  uncertain  to  admit  of  their  correlation  with  the  Niles  or 
the  Carbonate  fault. 

Still  farther  north,  in  Little  Stray  Horse  Gulch,  the  Turbot  shaft 
found  that  the  Gray  porphyry  sheet  had  been  scored  off,  only  the 
underlying  formations  being  cut  by  it.  The  workings  from  this  shaft 
developed  a  body  of  low-grade  second-contact  ore  above  the  Parting 
quartzite,  and  discovered  in  the  White  limestone  several  small  dis- 
connected bodies  of  ore,  running  from  10  to  30  ounces  of  silver  and 
5  to  12  per  cent  of  lead,  but  nothing  that  would  be  considered  a 
continuous  ore  shoot. 

Farther  west  than  the  Turbot,  where  the  Parting  quartzite  Jias 
been  scored  off,  considerable  bodies  of  third-contact  carbonate  ore 
have  been  worked  in  the  Walcott  and  Hibschle  ground,  just  east  of 
the  Pendery  fault,  which  averaged  10  to  150  ounces  of  silver  to  the 
ton  and  yielded  several  hundred  thousand  dollars  during  the  first 
half  of  the  decade  1890-1900.     This  ore  was  found  in  the  lower  part 
of  the  White  limestone,  extending  in  places  down  through  the  Transi- 
tion beds  into  the  upper  part  of  the  Lower  or  Cambrian  quartzite, 
where  it  carried  only  3  to  5  ounces  of  silver.     The  ore  body  was 
thoroughly  oxidized,  10  to  25  feet  thick,  and  in  places  extended  in 
streaks  higher  up  into  the  limestone,  as  if  the  original  sulphides  had 
been  deposited  along  cracks  or  joints.     The  general  trend  of  the  ore  in 
the  Walcott  ground   was  northeastward,  the   body  extending  from 
the  Pendery  fault  near  No.  2  shaft  to  the  north  of  No.  1  shaft,  and 
apparently  sending  off  an  irregular  branch  to  the  southwest  into  the 
Hibschle  ground.     The  general  strike  of  the  beds  in  the  Walcott 
ground  is  nearly  east-west,  and  the  dip  is  18°  to  the  south,  but  near 
the  fault  the  beds  bend  down  sharply  to  the  west  against  the  fault 
at  20^  to  30*^,  striking  somewhat  west  of  north,  parallel  to  the  fault 
plane.      The  richness  of  the  ore,  unusual  at  this  horizon,  is  doubtless 
due  to  its  lying  immediately  under  the  Wash  and  being  thus  subject 
to  enrichment  by  surface  waters.     As  shown  in  Section  IV  (PI.  Ill), 
the  No.  2  shaft  was  sunk  in  Wash  and  Lake  beds  just  west  of  the 
fault,  and  the  pronounced  difference  of  level  between  the  rock  sur- 
face on  either  side  of  the  fault  affords  additional  evidence  of  move- 
ment on  the  fault  plane  since  the  deposition  of  the  Lake  beds,  though 
as  the  depth  of  this  surface  west  of  the  fault  has  not  been  determined, 
its  actual  amount  remains  uncertain. 
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FRYSB  HILL. 

In  the  upper  left-hand  comer  of  the  map  is  represeni^ed  tne  south- 
west point  of  Fryer  Hill.  It  will  be  recalled  that  this  is  about  on  the 
imaginary  line  that  crosses  the  district  from  northwest  to  southeast, 
along  which  the  White  porphyry  is  found  to  split  into  two  sheets,  one 
of  which  cuts  at  a  low  angle  across  the  Blue  limestone  toward  the 
northeast,  leaving  a  wedge-shaped  tongue  of  that  formation  on  either 
side  of  it,  while  the  other  sheet  retains  its  normal  position  above  the 
whole  Blue  limestone  formation.  Thus,  on  Fryer  Hill,  there  is  a 
sheet  of  White  porphyry  below  as  well  as  above  the  Blue  limestone. 
The  intrusive  sheet  of  Gray  porphyry  is  also  crosscutting,  and  trav- 
erses the  lower  sheet  of  White  porphyry,  thus  rendering  the  struc- 
ture very  complicated  and  difficult  to  follow.  The  workings  from  the 
new  Clark  shaft  of  the  Chrysolite  mine,  which  was  sunk  a  short  dis- 
tance southwest  of  the  Roberts  shaft  of  the  same  mine,  disclosed  the 
fact  that  this  crosscutting  sheet  of  Gray  porphyry,  which  outcrops 
under  the  Wash  at  the  Colorado  Chief  No.  2  shaft,  rises  toward  the 
northeast,  so  that  at  the  Clark  shaft  it  has  traversed  all  the  Blue  lime- 
stoile,  and  beyond  that  point  it  cuts  up  into  the  overlying  White  por- 
phyry, bending  upward  at  an  even  steeper  angle  until,  before  reaching 
the  surface,  it  assumes  the  position  of  a  vertical  dike. 

The  enormously  rich  ore  bodies  which  made  Fryer  Hill  famous  in 
the  early  days  were  replacements  of  split-off  portions  of  the  Blue 
limestone  entirely  inclosed  in  White  porphyry.  It  is  to  be  remarked 
that  this  hill  lies  just  northeast  of  the  northwest-southeast  belt  or  zone 
along  which  the  White  porphyry  sheet  itself  splits,  one  part  cutting 
diagonally  across  the  Blue  limestone  at  a  very  low  angle  and  leaving 
wedge-shaped  slices  of  this  rock  both  above  and  below  it.  Subsequent 
underground  developments  have  confirmed  the  generalization  made  in 
the  original  report  with  regard  to  the  existence  of  this  crosscutting 
zone,  though,  as  will  be  shown  in  the  forthcoming  general  report,  it  is 
much  more  irregular  and  complicated  than  was  represented  on  the 
original  sections,  which  were  based  on  a  comparatively  small  number 
of  observed  facts.  They  have,  moreover,  disclosed  the  further  sig- 
nificant fact  that  the  wedge-shaped  portions  of  the  sedimentary  series, 
more  particularly  of  the  Blue  limestone  but  also,  at  some  places, 
those  of  the  Parting  quartzite  and  White  limestone,  in  the  vicinity  of 
the  crosscutting  White  porphyry,  have  been  favorable  localities  for 
the  concentration  of  ore,  and  that  where  such  ore  bodies  have  been 
exposed  by  erosion  so  as  to  have  been  long  subjected  to  the  leaching 
action  of  surface  waters,  what  remains  of  them  has  proved  to  be 
extraordinarily  rich.  It  would  naturally  be  expected,  then,  that  the 
upper  wedges,  or  those  northeast  of  the  crosscutting  porphyry  sheet, 
would  be  the  richer,  but  if  the  low^er  or  southwestern  wedge  happens 
to  be  faulted  up  to  the  vicinity  of  the  surface  and  its  covering  of  por- 
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phyry  be  removed,  it  may  also  become  very  rich.  An  instance  of 
this  was  seen  in  the  Mikado  mine,  which  lies  on  a  bench  only  300  feet 
wide  between  the  Iron  and  Mikado  faults  and  from  which  rich  ore, 
worth  many  millions  of  dollars,  was  extracted,  while  the  western 
continuation  of  the  same  ore  bodies  to  the  west  of  the  Mikado  fault, 
opened  by  the  R.  A.  M.  and  Greenback  shafts,  though  of  enormous 
extent  both  vertically  and  horizontally,  being  still  covered  by  600  to 
800  feet  of  porphyry,  are  low  in  silver  and  are  not  only  unoxidizexl, 
but  have  suffered  comparatively  little  secondary  enrichment. 

Another  rich  body,  but  in  oxidized  ore  and  in  the  upper  wedge, 
was  that  of  the  Small  Hope  Mining  Company,  in  the  Forest  City  and 
adjoining  claims,  where  $6,000,000  worth  of  ore  is  said  to  have  been 
taken  out  of  6  acres  of  ground.     On  Fryer  Hill  the  Blue  limestone  is 
so  completely  replaced  by  oxidized  ore  that  very  little  remains  in  its 
original  condition.     At  some  places  the  thickness  of  what  was  once 
limestone  seems  quite  inadequate  to  represent  the  entire  Blue  lime- 
stone horizon,  and  it  must  be  assumed  either  that  some  portions  were 
floated  higher  up  by  the  intruding  porphyry  and  have  been  scored  off, 
or  else  that  portions  were  actually  absorbed  by  the  fused  mass;  but 
the  general  absence  of  any  contact  phenomena  renders  the  latter 
assumption  highly  improbable.     Those  ore  bodies  that  were  under 
the  lower  or  crosscutting  porphyry  were  notably  poorer  in  silver 
than  the  upper-contact  ore,  though  carrying  about  as  much  lead.     It 
has  been  impossible  to  learn  what  amount  of  exploration  has  been 
carried  on  in  the  White  limestone,  but  whatever  has  been  done  has 
not  apparently  developed  any  large  amount  of  ore.     Still,  by  analogy 
with  other  parts  of  the  district,  it  would  be  expected  that  some  good 
bodies  of  ore  should  exist  at  this  horizon,  and  they  may  yet  be  found. 
Although  very  much  warped,  the  formations  in  Fryer  Hill  have  a 
general  dip  to  the  north  and  east;  hence  on  the  western  end  of  the 
hill,  where  it  slopes  down  to  the  terrace  level,  the  White  limestone 
and   Lower  quartzite  come  successively  to  the  rock  surface.     The 
crosscutting  sheet  of  Wliite  porphyry,  which,  on  the  southwest  point 
of  the  hill  that  comes  within  the  map,  cuts  down  across  the  Blue  lime- 
stone, farther  north  crosses  the  Parting  quartzite  also,  and  it  would 
appear  from  the  rather  imperfect  data  obtained  from  certain  shafts 
that  it  goes  through  the  White  limestone  into  the  Lower  quartzite 
farther  north  and  west.     It  is  possible,  therefore,  that  somewhere  in 
that  direction  it  may  come  up  through  the  granite,  as  it  does  at  the 
mouth  of  South  Evans  Gulch. 

Just  east  of  the  Pendery  fault,  at  the  west  point  of  the  hill  and  a 
short  distance  n«rth  of  the  area  mapped,  considerable  bodies  of 
manganiferous  iron  oxide  have  been  mined  through  the  shafts  of  the 
AUright  No.  2  and  the  Fairview  No.  4.  These  ores  were  found  in  the 
upper  part  of  the  Lower  quartzite  and  were  fully  oxidized,  but  not 
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being  rich  enough  in  silver  to  treat  for  that  metal  were  sold  to 
eastern  steel  works  as  ferromanganese.  They  carried  18  to  25  per 
cent  of  manganese,  22  to  29  per  cent  of  iron,  and  9  to  18  per  cent  of 
silica. 

AREA    WEST  OF  THE   FAULT   ZONE. 
POVXETY  FLAT. 

North  of  the  limits  of  the  map  the  Pendery  fault  has  been  traced 
along  the  west  base  of  Fryer  Hill  and  across  Evans  Gulch,  in  a  few 
places  having  been  actually  cut  by  mine  drifts,  but  for  the  most  part 
being  proved  by  the  discrepancy  in  the  strata  expose  1  by  shafts  on 
either  side. 

On  the  gently  sloping  terrace  popularly  known  as  Poverty  Flat, 
west  of  Fryer  Hill  and  north  of  the  moraine  ridge,  several  shafts  have 
been  sunk  to  contact,  such  as  the  Hofer,  Stumpf,  Neptune,  Jason, 
Seeley,  and  Delante  Nos.  1  and  2,  which,  while  not  yet  successful  in 
finding  any  large  ore  bodies  in  the  Blue  limestone,  to  which  their 
researches  have  thus  far  been  confined,  have  furnished  important 
geological  ^ata  as  to  the  lay  of  the  sedimentary  beds  beneath  the 
covering  of  porphyry.  It  thus  appears  that  these  beds  descend  in  a 
gentle  slope  westward,  taking  here  and  there  a  sudden  monoclinal 
plunge  downward,  but  exhibiting  no  considerable  displacement  by 
faulting,  and  that  at  the  same  time  they  have  a  still  more  gentle  dip 
southward.  The  overlying  White  porphyry  sheet  grows  thinner  to 
the  west  and  north,  while  the  Gray  porphyry  sheet,  which  lies  above 
it,  tends  to  increase  in  thickness  in  the  same  directions,  but  has  been 
scored  off  the  higher  part  of  the  ground  near  the  Pendery  fault. 
Farther  north,  toward  Evans  Gulch,  an  increasing  thickness  of  shales 
and  grits  of  the  Weber  horizon  is  found  between  the  porphyry  cover 
and  the  Blue  limestone.  Furthermore,  a  rather  persistent  bed  of 
quartzose  sandstone,  about  10  feet  thick,  is  found  in  the  body  of  the 
limestone,  and  is  liable  to  be  mistaken  for  the  Parting  quartzite, 
both  here  and  in  other  parts  of  the  region.  It  is  generally,  however, 
a  finer-grained  quartz  than  the  latter,  is  thinner,  and  occurs  generally 
at  a  higher  horizon,  though  its  position  is  not  uniform.  It  may  be 
simply  a  siliceous  replacement.  The  Blue  limestone  in  this  region, 
so  far  as  it  has  been  explored,  includes  no  large  intrusive  sheet  of 
Gray  porphyry  corresponding  with  that  which  is  so  closely  associated 
with  ore  deposition  in  areas  farther  south  and  east. 

OAPITOL  HILL  RIDOE. 

Under  the  moraine  ridge  which  connects  Fryer  with  Capitol  Hill, 
the  first  deep  exploration  of  the  Downtown  area  was  made  in  1880  by 
the  sinking  of  the  Bob  Ingersoll  drill  hole  to  a  depth  of  500  feet. 
Though  it  found  no  ore,  it  furnished  important  geological  information 
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by  disclosing  a  thickness  of  140  feet  (at  least)  of  White  porphyry 
beneath  the  Wash  and  the  Lake  beds,  from  which  it  was  reasoned 
that  the  Blue  limestone  must  lie  at  a  still  greater  depth.  It  has  since 
been  proved  that  had  the  drill  gone  50  feet  deeper  it  would  have 
reached  the  limestone.  More  than  ten  years  later  a  shaft  was  sunk 
a  short  distance  southeast  of  the  drill  hole,  and  a  drift  run  eastward 
at  a  depth  of  460  feet  (9,850  feet)  *»  struck  the  Blue  limestone  within 
100  feet  of  the  shaft,  rising  at  an  angle  of  50*^  toward  the  east.  About 
140  feet  farther  east  the  drift  cut  the  Pendery  fault,  the  great  volume 
of  water  coming  from  which  so  enhanced  the  cost  of  mining  that,  after 
the  ore  above  this  level  had  been  stoped  out,  work  was  abandoned  for 
a  number  of  years.  When  mining  in  other  parts  of  the  Downtown 
area  had  lowered  the  water  level  somewhat,  mining  was  resumed  here, 
and  the  ore  was  followed  on  the  dip  to  the  west  of  the  shaft  128  feet 
deeper  (9,722  feet) .  When  the  ore  above  this  level  had  been  extracted 
another  period  of  rest  ensued,  until,  in  1905,  a  drift  run  in  from  the 
Coronado  shaft  on  the  660-foot  level  (9,645  feet)  struck  the  ore  body 
still  farther  west  and  nearly  60  feet  deeper.  This  brief  statement 
illustrates  some  of  the  vicissitudes  to  which  mining  in  the  Downtown 
district  is  subject.  The  ore  in  the  Capitol,  or  Northern  mine,  as 
it  has  sometimes  been  called,  is  all  upper-contact  ore,  none  having  yet 
been  found  beneath  the  intrusive  sheet  of  Gray  porphyry.  It  occurs 
at  the  immediate  contact  with  the  overlying  White  porphyry  and 
extends  to  varying  depths  down  into  the  body  of  the  limestone.  It 
is  rather  irregularly  distributed,  but  in  general  arrangement  has  a 
tendency  to  form  two  shoots  running  in  a  northeasterly  direction. 

Tie  geological  structure  in  the  Capitol  ground  is  peculiar  and  sig- 

nifieant.     Within  10  feet  of  the  Pendery  fault  the  beds  are  dragged 

up  into  an  almost  perpendicular  position  by  the  movement  of  the 

fault,  and  the  drift  on  the  first  level  cuts  through  a  wedge-shaped 

tongue  of  Gray  porphyry  dragged  up  from  the  intrusive  sheet  below 

before  entering  the  granite  which  forms  the  foot  wall  of  the  fault. 

West  of  the  fault  the  beds  assume  a  westerly  dip  of  20**  to  25°,  and 

then,  within  100  feet  of  the  shaft,  turn  sharply  down  at  50°,  the  dip 

growing  gradually  less  steep  west  of  the  shaft.  .  In  the  steeper  part 

broken  and  crushed  material  gives  evidence  of  an  actual  downward 

slipping  movement  along  this  contact,  which  increases  toward  the 

south,  as  will  be  seen  later,  and  finally  passes  into  the  Cloud  City 

fold  fault.     At  the  Newell  shaft,  which  was  sunk  a  few  hundred  feet 

farther  west,  the  contact  is  considerably  above  its  lowest  point  in  the 

Capitol  ground,  and  a  drift  run  westward  found  it  still  rising  in  that 

direction,  while  the  Villa  shaft,  still  farther  west,  found  it  immediately 

under  the  Wash  at  a  still  higher  level  (9,975  feet),  thus  proving  con- 


a  Figuree  in  parentheaes  In  tbe  text  denote  the  elevation  above  sea  level  of  the  point  referred  to. 
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clusively  the  existence  of  a  synclinal  basin,  as  shown  in  Sections  I,  III, 
and  IV  (Pis.  II  and  III). 

The  rise  of  the  limestone  at  the  Villa  shaft*seems  to  be  local  and 
abnormal,  since  the  contact  is  over  100  feet  lower  at  the  Delante  No.  1 
shaft,  a  short  distance  farther  north;  for  which  reason  it  is  assumed 
to  be  on  the  crest  of  the  ridge,  and  that  toward  the  west,  as  shown  in 
the  sections,  the  beds  continue  their  normal  westward  dip  for  a  con- 
siderable distance.  Whether  this  is  actually  so  and  how  far  this  dip 
may  continue  can  be  calculated  only  whei^  shafts  or  drill  hole^  shall 
be  sunk  to  contact  west  of  the  line  of  Harrison  avenue.  In  any 
event  there  is  a  very  considerable  area  of  possible  ore-bearing  ground 
in  this  vicinity  which  has  thus  far  been  practically  untested. 

OOaOKADO  AND  SIXTH  8TBEET  GROXRn). 

The  sharp  downward  bend  of  the  strata  in  the  Capitol  ground  passes 
southeastward  into  a  distinct  fault  which  runs  a  short  distance  north- 
west of  the  Coronado  shaft  southwesterly  past  the  Sixth  Street  shaft, 
and  is  undoubtedly  the  same  fault  which  was  struck  by  the  Cloud 
City  shaft,  though  it  has  not  yet  been  continuously  traced.  What 
is  apparently  an  eastern  branch  of  the  same  fault  is  cut  by  the  drift 
connecting  the  Coronado  with  the  Capitol  mine  (9,645  feet),  where 
it  has  a  slight  downthrow  to  the  north.  Whether  it  continues  to 
connection  with  the  Pendery  fault  or  dies  out  before  reaching  it  had* 
not  yet  been  determined. 

Northwest  of  the  main  Cloud  City  fault,  in  Coronado  ground,  is  a 
shallow  syncline  corresponding  to  that  between  the  Capitol  and 
Newell  shafts,  whose  axis  is  approximately  parallel  to  the  fault,  but 
whether  this  structure  extends  as  far  south  as  the  Cloud  City  shaft 
remains  yet  to  be  proved.  The  upthrow  of  the  fault  is  normal  and 
to  the  southeast,  but  the  amount  of  displacement  of  this,  as  of  all 
fold  faults,  is  extremely  variable,  since  it  becomes  nil  where  it  passes 
into  the  fold.  In  this  case  the  throw  increases  to  the  southwest  and 
the  vertical  separation  is  over  200  feet  on  the  line  of  Section  V  (PI. 
IV) .  As  the  beds  bend  sharply  as  they  approach  the  fault  from  either 
side,  the  actual  amount  of  throw,  or  movement  on  the  fault  plane,  is 
somewhat  uncertain. 

Up  to  ^vithin  very  recent  years  the  workings  of  the  Coronado  mine 
were  confined  to  the  upthrown  or  southeast  side  of  the  fault,  but  since 
the  last  consolidation  of  mines  in  this  region  work  has  been  carried  on 
at  deeper  levels,  and  second-contact  ore  beneath  the  Gray  porphyry 
sheet  has  been  found  in  the  bottom  of  the  syncline  due  west  of  the 
Coronado  shaft.     It  is  oxidized,  but  its  extent  and  value  are  unknown. 

In  the  earliest  developments  a  large  body  of  upper-contact  ore  is 
said  to  have  been  worked  on  the  east  of  the  shaft,  but  as  these  work- 
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ings  have  not  been  reopened  since  the  *^  Flood /^  °  they  could  not  be 
examined.  It  probably  corresponds  to  an  upper-  contact  body  that 
formerly  overlay  the  Walcott  body,  whose  western  continuation 
would  naturally  have  been  found  in  the  Coronado  ground.  A  small 
body  of  upper  -  contact  ore  was  found  directly  northeast  of  the 
Coronado  shaft,  but  most  of  the  ore  worked  later  between  the  shaft 
and  the  fault  was  in  scattered  bodies.  It  occurs  both  above  and 
below  the  intrusive  Gray  porphyry  and  within  the  mass  of  the  lime- 
stone. The  Gray  porphyr}^  is  much  decomposed,  and  is  in  places 
traversed  by  1-inch  seams  of  manganese  oxide.  Its  horizon  rises 
eastward.  On  the* third  level  (9,702  feet),  southeast  of  the  shaft,  a 
good  deal  of  second-contact  ore  has  been  worked  immediately  above 
the  Parting  quart zite.  This  would  appear  to  be  a  westward  con- 
tinuation of  the  Elk-IIussey  ore  shoot.  At  a  still  lower  level  a  body 
of  ore  has  been  developed  in  White  limestone,  in  close  proximity  to 
the  Peiidery  fault,  which  is  evidently  a  western  continuation  of  the 
Walcott  ore  shoot. 

Midway  between  the  Coronado  and  Sixth  Street  shafts  a  very  large 
ore  body,  averaging  in  places  80  feet  in  thickness,  was  found  under  the 
Gray  porphyry  associated  with  a  sharp  downward  bend  of  the  forma- 
tion, which  at  some  place's  passes  into  a  cross  fault  with  a  southeast 
strike  and  an  upthrow  to  the  southwest.  The  under  surface  of  the 
Gray  porphyry  is  very  irregular,  tongues  or  offshoots  protruding  here 
and  there  into  the  ore  beneath. 

From  the  upper  level  (9,780  feet)  of  the  Sixth  Street  shaft  a  first- 
contact  ore  shoot  was  worked  which  has  a  northeast  trend.  It  lay 
above  the  Gray  porphyry,  and  extended  in  places  for  30  feet  up  into 
the  limestone,  but  whether  it  reached  the  White  porphyry  contact 
is  not  kno^vrl.  Though  less  extensive  and  thirmer  than  the  second- 
contact  body  last  mentioned,  it  was  on  the  average  rather  richer  in 
silver. 

There  is  some  uncertainty  ^yiih  regard  to  the  geological  structure 
of  the  ground  west  of  the  Sixth  Street  shafts  (two  shafts  were  sunk 
only  50  feet  apart),  which  could  not  be  worked  out  satisfactorily, 
owing  to  the  inaccessibility  of  the  upper  and  older  drifts.  There  is 
some  faulting  between  the  two  shafts,  but  the  displacement  does  not 
seem  to  be  sufficient  for  the  Cloud  City  fault,  and  it  may  be  only  a 
parallel  break.     Again,  a  western  drift  on  this  upper  level  ran  into 

a  A  bout  1896  the  labor  unions  obtained  such  complete  control  of  the  district  that  they  not  only  stopped 
work  in  all  the  mines,  but  obliged  the  mine  owners  to  draw  their  pimips,  and  the  mines  consequently 
filled  up  with  water.  This  period  is  popularly  spoken  of  as  the  "  Flood."  During  the  years  that  the 
drifts  remained  under  water  they  gradually  filled  up  with  the  lime  sand,  called  by  the  miners  *  'dolomite 
sand,"  that  results  from  the  disintegration  of  the  Blue  limestone.  As  the  sand  Is  extremely  fine  and 
preserves  the  original  color  of  the  limestone,  Its  deposit  in  the  drifts  so  closely  simulates  the  i}edding  of 
the  original  limestone  that,  In  reopening  drifts  cut  through  limestone,  it  is  often  difficult  to  distinguish 
thl0  later  deposit  from  the  parent  rock. 
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the  Wash  200  feet  west  of  the  No.  1  shaft,  which  indicates  a  depres- 
sion in  the  rock  surface  under  the  Lake  beds — probably  the  old 
stream  bed  that  forms  the  bottom  of  the  Stray  Horse  depression. 

lODAS-PENBOSE  GBOUKD. 

To  the  southeast  of  the  ore  bodies  above  described  the  ore  horizon 
in  the  Blue  limestone  stands  at  a  somewhat  higher  level,  as  disclosed 
by  the  drifts  running  from  the  Midas  and  Penrose  shafts;  but  this  is 
apparently  due  to  a  rise  in  the  Gray  porphyry  sheet,  since,  as  shown 
in  Section  XII  (PI.  VII),  the  general  tendency  of  the  sedimentary 
beds  is  to  descend  gently  to  the  southward.  Around  these  shafts  is 
the  most  extensive  area  of  ore-bearing  ground  in  the  Downtown  dis- 
trict. On  the  map  most  of  the  ore  bodies  have  been  designated 
second-contact  ore  because  they  lie  beneath  the  Gray  porphyry  sheet; 
but  Section  XII  (PL  VII)  shows  that  on  that  line  the  ore  is  all  in  the 
uppermost  part  of  the  Blue  limestone,  though  it  necessarily  lies  below 
the  Gray  porphyry  sheet  when  that  sheet  has  spread  out  immediately 
under  the  White  porphyry,  as  is  the  case  around  the  Penrose  shaft 
and  for  a  considerable  distance  to  the  north  and  east.  The  unusual 
concentration  of  ore  in  this  vicinity  is  due  doubtless  to  the  irregular 
manner  in  which  the  Gray  porphyry  sheet  has  cut  across  the  beds 
and  sent  off  tongues  and  branching  sheets  at  different  horizons.  The 
general  structure  and  relations  of  the  ore  body  are  seen  in  Section  V 
(PI.  rV),  which  runs  southeastward  through  the  Midas  shaft,  and  in 
the  parallel  Section  VI  (PI.  IV),  which  cuts  the  Penrose  shaft,  as  well 
as  in  the  strike  Section  XII  (PI.  VII). 

Midas  shaft — Near  the  Midas  shaft  the  Gray  porphjoy  sheet  rises 
to  the  White  porphyry  contact  but  dips  gently  down  to  the  northwest 
and  south,  leaving  a  thin  wedge  of  limestone  between  the  two 
porphyries,  which  has  been  largely  replaced  by  oxidized  ore  of  good 
grade.  The  ore  is  streaked  with  clay  resulting  from  the  alteration  of 
the  underlying  porphyry,  of  which,  to  a  limited  extent,  it  seems  to  be 
a  replacement.  To  the  north  of  the  shaft  it  is  20  to  30  feet  thick  and 
about  150  feet  wide,  and  appears  to  be  in  line  with  the  great  northeast 
ore  shoot  of  the  Penrose  ground  which  underlies  the  Gray  porphyTy. 
Some  ore  is  also  found  in  the  Midas  ground,  under  the  Gray  porphyry, 
but  its  extent  is  not  well  known. 

To  the  east  of  the  shaft  a  broad  zone  of  ore,  up  to  50  feet  in  thick- 
ness, runs  north  and  south  along  the  foot  of  the  Pendery  fault.  This 
is  second-contact  ore  underlying  the  Gray  porph3rry  and  may  be  con- 
sidered an  extension  of  the  Elk-Hussey  body.  It  is  of  rather  better 
grade  than  the  second-contact  bodies  in  the  Penrose,  carrying  on  the 
average  12  ounces  of  silver,  0.01  to  0.02  ounce  of  gold,  and  IJ  per 
cent  of  lead,  and  has  probably  been  enriched. 
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At  the  second  level  (9,750  feet)  a  long  drift  was  run  in  a  general 
southeasterly  direction  between  the  Bison  and  Gray  Eagle  shafts 
through  Blue  limestone  and  Gray  porphyry,  finding  ore  dipping 
steeply  westward  beyond  the  latter  shaft.  In  the  last  20  feet  the 
drift  is  said  to  have  been  in  granite,  which  apparently  must  have  been 
beyond  the  Wildcat  fault. 

Penrose  shaft. — At  the  Penrose  shaft,  and  for  a  considerable  dis- 
tance north  and  south,  the  Gray  porphyry  sheet  lies  immediately 
under  the  White  porphyry  along  the  line  of  Section  XII  (PL  VII),  but 
it  sends  off  several  offshoots  to  lower  horizons,  so  that  in  many  parts 
of  the  mine  there,  are  two  sheets,  one  above  the  other,  and  great  com- 
plications of  structure  result,  which  can  not  be  fully  described  or 
mapped.  The  ore  has  accumulated  under  both  contacts,  generally  in 
rather  shallow  troughs,  and  is  very  apt  to  fill  most  of  the  spaces 
between  two  sheets  when  they  are  in  close  proximity. 

In  a  general  way  most  of  the  upper  or  White  porph3rry  contact  ore 
lay  northeast  of  the  shaft  in  a  belt  running  northeast-southwest  on 
either  side  of  the  Weldon  fault.  This,  as  has  already  been  stated, 
is  a  fold  fault  with  an  upthrow  to  the  southeast  of  not  over  100  feet, 
along  and  above  which  are  the  workings  of  the  Gray  Eagle,  Poca- 
hontas, and  Orion  mines. 

The  ore  is  apt  to  be  thickest  on  the  upper  bench,  where  bodies  of 
black  iron  up  to  80  feet  thick  have  been  found.  Such  bodies  are  of 
low  grade  in  silver,  except  near  the  immediate  contact,  where  rich 
lead  and  silver  ores  generally  occur.  The  large  body  of  black  iron 
northwest  of  the  Gray  Eagle  shaft,  for  instance,  carried  16  to  18  per 
cent  iron,  31  to  32  per  cent  manganese,  and  8  to  11  per  cent  of  silica, 
with  6  to  8  ounces  of  silver;  while  the  carbonate  ores  had  43  ounces 
of  silver,  12i  per  cent  of  lead,  25  per  cent  of  iron,  0.7  per  cent  of 
manganese,  and  16  per  cent  of  silica. 

The  most  important  shoot  in  the  Downtown  district  lies,  however, 
north  of  the  Penrose  shaft  immediately  under  the  Gray  porphyry, 
and  in  its  most  typical  development  is  over  50  feet  deep  and  150  feet 
wide,  with  a  distinct  northeast  strike.  This  strike  would  carry  it 
into  the  Midas  ground,  where,  however,  most  of  the  ore  lies  above 
the  Gray  porphyry,  which  has  come  down  in  horizon,  so  as  to  leave 
considerable  space  for  ore  accumulation  between  it  and  the  White 
porphyry.  In  the  Penrose  body  it  lies  in  trough-shaped  channels 
under  the  Gray  porphyry,  the  principal  •one  trending  northeast  and 
smaller  ones  trending  more  to  the  eastward  and  tending  to  converge 
to  the  west.  In  spite  of  its  oxidized  condition,  which  renders  struc- 
ture lines  obscure,  it  is  possible  to  detect  evidence  of  local  folding 
and  faulting,  with  axes  in  the  direction  of  the  shoots,  which  has  ren- 
dered the  ground  favorably  for  the  concentration  and  precipitation. 
3ull.  320—07 \ 
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of  ore.  There  is  the  usual  underlying  bed  or  floor  of  black  chert 
several  feet  in  thickness,  which  is  a  siliceous  replacement  of  the  lime- 
stone. A  peculiar  white  clay  seam,  containing  small  pebbles  of  por- 
phyry, at  many  places  divides  the  upper  lead-bearing  ore  from  the 
low-grade  iron  below.  This  may  represent  the  outline  of  the  original 
sulphide  body.  West  of  the  shaft,  on  the  same  general  southwest 
line,  there  is  a  large  irregular  body  of  low-grade  iron  (5  to  10  ounces 
of  silver  to  the  ton)  40  to  50  feet  thick,  which  is  unusually  rich  in  man- 
ganese. At  its  southern  end  it  is  covered  by  40  feet  of  Gray  porphyry, 
which  immediately  underlies  the  White  porphyry.  At  a  point  mid- 
way between  this  body  and  the  shaft  an  isolated,  dikelike  body  of 
Gray  porphyry  was  observed,  which  has  not  yet  been  connected  with 
any  other  porphyry  mass.  It  stands  in  a  vertical  position,  is  35  feet 
thick,  and  has  a  flow  breccia  at  its  contact  with  the  limestone. 

Bison  shaft — Due  east  from  the  Pendery  the  Bison  shaft  was  simk 
in  an  area  of  extremely  complicated  structure,  where  the  ground  is 
so  sliced  up  by  faults  and  brancning  sheets  of  Gray  porphyry  that 
it  is  very  difficult  either  to  work  or  to  interpret.  The  abundant 
faulting  has,  however,  been  very  favorable  for  secondary  enrichment, 
so  that  unusually  rich  ores  have  rewarded  the  difficult  labors  of  the 
miner.  As  for  the  structural  problem,  the  solution  represented  on 
Section  II  (PI.  II)  and  Section  V  (PI.  IV),  each  of  which  passes  near 
the  Bison  shaft,  is  believed  to  be  correct  in  its  broader  features, 
though  there  are  many  complications  in  structure  that  can  not  be 
represented  on  a  map  of  the  present  scale,  and  the  ground  could  not 
be  thoroughly  studied,  for  the  reason  that  the  mine  has  been  worked 
intermittently  by  different  persons  and  the  records  not  always  pre- 
served. In  this  ground  is  the  point  of  an  eastward  bend  in  the  Pen- 
dery fault,  and  across  this  bend  a  second  fault  constitutes  the  chord 
of  the  arc  made  by  the  Pendery  fault.  This  fault,  which  is  cut  by 
the  Bison  shaft  just  above  its  first  level,  is  normal,  and  is  called  the 
Bison  fault.  A  little  east  of  the  shaft  on  this  level  is  another  small 
fault,  with  reverse  throw,  which  has  been  interpreted  as  cutting  off 
a  wedge-shaped  mass  that  has  dropped  down,  while  at  the  end  of 
the  drift  is  the  main  Pendery  fault,  which  brings  the  Parting  quarts 
ite  up  against  tlie  Blue  limestone.  East  of  this  fault,  and  about  80 
feet  higher,  a  west  drift  from  the  Niles- August  a  shaft  struck  a  good 
body  of  second  contact  ore  above  the  Parting  quartzite.  In  the 
Bison  workings  to  the  east*  of  the  shaft  there  is  a  duplication  of  the 
Gray  porphyry,  which  is  supposed  to  result  from  its  sending  off  an 
offshoot,  as  represented  in  Section  II  (PI.  II). 

In  the  later  workings  of  the  mine,  drifts  run  westward  from  lower 
levels  cut  the  Bison  fault  and  found  large  and  valuable  ore  bodies 
beyond  it,  mainly  in  the  limestone  and  under  the  ^Vhite  porphyry,  but 
it  is  said  that  a  second-contact  body  corresponding  to  the  Niles- Augusta 
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has  recently  been  found.  It  will  be  observed  that  the  line  of  second- 
contact  ore  bodies  has  been  opened  intermittently  in  a  direction  due 
east  from  the  Penrose  shaft,  and  if  followed  farther  eastward  in  this 
direction  across  the  north  end  of  Carbonate  Hill,  tends  to  correspond 
approximately  with  the  sharp  bending  down  of  the  strata  to  the 
southward,  already  noted  in  that  region. 

About  200  feet  south  of  the  Penrose  shaft,  under  the  Lazy  Bill 
shaft,  is  an  ore  shoot  which  has  the  fissure  form,  like  those  occupied 
by  the  ore  bodies  on  South  Iron  Hill,  and  is  so  far  the  only  knoA\Ti 
example  of  this  type  of  body  in  the  present  area.  It  lies  under  the 
Gray  porphyry  and  has  evidently  been  formed  from  solutions  cours- 
ing along  a  fissure  striking  northeastward,  with  northwest  dip,  and 
eating  out  into  the  limestone  on  either  side.  Along  this  fissure  were 
some  large  chambers  of  rich  ore  carrying  100  to  200  ounces  of  silver 
and  20  per  cent  of  lead.  Both  strike  and  dip  are  irregular  and  wavy. 
As  shown  in  the  drift  below  (9,700  feet),  the  ore  has  pinched  out, 
but  the  crack  or  fissure  in  the  limestone  can  still  be  detected  and 
forms  what  the  miner  calls  a  watercourse  or  channel  along  which  sur- 
face waters  still  seep  down. 

STARR  AND  CLOUD   CITY  HINES. 

Neither  the  Starr  nor  the  Cloud  City  mine  had  produced  much  ore 
at  the  time  of  examination,  and  the  ore  bodies  that  had  been  worked 
in  the  former  ground  are  no  longer  accessible,  so  that  not  much  can 
be  said  about  actual  ore  development.  As  the  geological  structure 
may  have  some  bearing  on  future  development,  and  its  description 
needs  graphic  illustration,  the  section  in  fig.  1  has  been  constructed 
from  such  data  as  could  be  obtained.  It  runs  southeast  through  the 
Cloud  City  and  Starr  shafts  and  a  little  south  of  the  Alice  shaft,  fol- 
lowing the  dip  of  the  beds,  which  thus  appears  steeper  than  in  many 
of  the  map  sections,  whose  lines  are  not  strictly  at  right  angles  to  the 
strike  of  the  beds.  The  principal  ore  bodies  worked  in  the  Starr 
ground  have  been  near  the  Weldon  fault,  east  of  the  shaft  and  imme- 
diately under  the  White  porphyry.  They  were  reached  by  numerous 
raises  from  the  first  level  and  evidently  belong  to  the  same  general 
belt  worked  in  the  Penrose  and  Gray  Eagle  mines,  to  the  northeast, 
and  the  Weldon,  to  the  southwest. 

As  the  formations  rise  to  the  northwest,  there  is  a  slight  local  fault 
near  the  place  where  the  Gray  porphyry  sheet,  whose  thickness  varies 
from  30  to  50  feet,  crosses  the  second  level  (9,735  feet).  Some  ore 
has  been  developed  to  the  west  of  the  Starr  shaft  under  the  Gray 
porphyry  sheet,  but  the  coimtry  rocks  in  this  part  of  the  ground  have 
been  so  softened  and  decomposed  by  the  seepage  of  surface  waters, 
indicating  a  probable  close  proximity  to  the  rock  surface,  that  min- 
ing is  difficult  and  expensive,  and  the  workings  soon  become  inacces- 
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sible  to  the  visitor.  The  drift  miming  from  the  Starr  to  the  bottom 
of  the  AHce  shaft  (9,750  feet)  in  the  last  few  feet  passes  through  a 
peculiar  broken  material  (shown  also  at  the  top  of  several  upraises) 
that  has  apparently  been  subjected  to  such  differential  movement 
within  its  mass  as  would  take  place  in  landslide  material.  The  struc- 
ture lines  are  obliterated,  and  it  is  full  of  broken  angular  blocks  very- 
much  resembling  decomposed  Gray  porphyry. 

The  bottom  of  the  Alice  shaft  is  in  a  bed  of  quartz  sand,  such  as 
forms  a  very  persistent  stratum,  10  to  12  feet  thick,  in  the  lower  part 
of  the  Blue  limestone  throughout  the  Penrose  ground.  The  revela- 
tions made  by  the  Cloud  City  shaft,  which  passed  through  similar 
broken  material  immediately  under  the  Lake  beds,  suggest  that  the 


FiQ.  1.— Section  through  Cloud  City  and  Starr  shafts.    (For  meaning  of  symbols  see  PI.  I.) 

rock  surface  lies  at  an  angle  so  steep  that  there  has  been  an  actual 
slipping  downhill  of  a  considerable  thickness  of  moistened  and  rotted 
rock  on  what  happened  to  be  an  exceptionally  steep  slope  of  the 
surface  of  the  rock  beneath  the  Lake  beds. 

The  double  line  given  on  the  section  under  the  Lake  beds  indicates 
the  possible  thickness  of  this  broken  material,  though  it  is  impossible 
to  determine  any  well-defined  boundary  lines  for  it,  since  it  grades 
off  insensibly  into  the  formations  above  and  below.  The  abnormal 
steepening  of  the  rock  surface  brings  the  upper  part  of  the  Blue 
limestone  and  the  included  Gray  porphyr^M-o  outcrop  along  this  line, 
a  phenomenon  that  could  not  be  observed  elsewhere  owing  to  the 
absence  of  drifts,  so  that  the  crescent-shaped  form  of  the  outcrop 
indicated  on  the  surface  map  is  for  the  most  part  theoretical.     It  is 
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based  on  the  assumption  that  there  was  a  gullyhke  depression  in 
the  rock  surface  beneath  the  Lake  beds  in  this  region  which  thus  far 
has  been  cut  only  in  the  north  drift  from  the  Cloud  City  shaft.  There 
is,  however,  a  very  considerable  area  of  unexplored  ground  between 
the  AUce,  Sixth  Street,  and  Penrose  shafts,  in  w^hich  it  may  yet  be 
found.  It  is  possible  that  it  may  have  some  connection  with  the 
depression  already  noted  west  of  the  Sixth  Street  shaft. 

At  the  Cloud  City  shaft  the  fault  movement  is  distributed  on  two 
planes  running  a  little  east  of  north  and  about  50  feet  apart,  while  a 
wedge-shaped  mass  has  been  let  down  to  the  west  of  the  western 
plane  on  which  the  displacement  is  reversed.  This  renders  the 
structure  at  the  very  bottom  of  the  shaft  rather  difficult  to  interpret, 
especially  as  the  drifts  on  the  first  level  (9,710  feet)  cut  these  planes 
diagonally.  \\Tiite  porphyry  is  found  in  place  beyond  all  the  faults, 
however,  and  in  it  the  old  stream  bed,  already  mentioned,  has  been  cut 
through  by  the  north  drift,  in  which  it  is  seen  to  be  about  70  feet  wide 
and  filled  with  bowlder  wash.  The  Blue  limestone  contact  is  cut 
by  this  drift  75  feet  from  the  shaft  and  also  in  several  \vinzes  sunk 
to  the  north  and  west,  which  indicate  a  dip  of  15°  or  20°  in  this 
direction.  It  is  very  possible,  therefore,  that  the  synclinal  structure 
found  in  the  Capitol  ground  may  be  repeated  here,  though  probably 
in  less  pronounced  form.  It  is  assumed  that  the  vertical  separation 
produced  by  the  movement  of  this  fault  is  from  150  to  200  feet; 
hence  to  properly  prospect  the  ground  to  the  north  and  west  the 
shaft  should  be  sunk  200  feet  deeper.  If  the  Gray  porphyry  is 
found  to  extend  in  that  direction,  there  is  very  good  reason  for 
assuming  that  valuable  ore  bodies  may  be  found. 

WELDON  QBOUITD. 

The  Weldon  ground,  although  it  includes  only  a  single  claim,  300 
feet  wide,  has  produced  a  remarkably  large  amount  of  rich  upper- 
contact  ore,  carrying  several  hundred  ounces  of  silver  per  ton.  The 
main  production  has  come  from  the  lower  (No.  2)  shaft,  which  was 
sunk  to  the  bench  below  the  Weldon  fault.  The  No.  1  shaft,  opened 
earlier  but  long  ago  abandoned,  was  sunk  in  the  midst  of  the  fault 
zone,  and  cut  the  Pendery  fault  a  little  below  its  second-level  station 
(10,068  feet).  It  disclosed  a  complicated  structure,  the  general 
features  of  which  are  shown  in  Section  VII  (PI.  V),  which,  however, 
passes  to  the  north  of  the  Weldon  No.  2  shaft,  whose  workings  are 
shown  on  Section  ArEII  (PL  V). 

A'o-  1  shaft. — At  the  No.  1  shaft  several  small  ore  bodies  were 
found  along  the  upper  contact  on  the  steeply  sloping  bench  east  of 
the  Pendery  fault,  both  north  of  the  shaft,  toward  the  Pocahontas, 
and  east  of  it,  toward  the  Pendery  and  St.  Maiy's  shafts,  where  it  lies 
in  troughlike  depressions  called  '*  swags  ^'  by  the   miners.     A  drift 
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nin  westward  from  the  bottom  of  the  shaft  (9,910  feet)  cut  the 
Pendery  fault,  finding  beyond  it  a  body  of  Gray  porphyry  which  was 
at  first  supposed  to  be  a  dike,  but  is  really  an  intrusive  sheet  of 
Gray  porphyry  turned  up  steeply  against  the  fault,  the  upward  bend 
having  been  so  sharp  as  to  produce  some  slipping  along  its  upper 
contact.  Some  upper-contact  ore  was  found  on  the  bench  between 
the  Pendery  and  Weldon  faults,  but  on  neither  side  of  the  Pendery 
fault  in  this  region  does  the  ground  appear  to  have  been  thoroughly 
explored  for  second-contact  ore. 

No.  2  shaft. — The  beds  on  the  bench  reached  by  the  Weldon  No.  2 
shaft  are  compressed  into  a  series  of  gentle  wavelike  folds.  To  the 
east  of  the  shaft  they  descend  25  feet  in  a  hundred,  the  contact  coming 
down  to  the  drift  level  (9,780  feet)  and  then  rising  at  first  gently  and 
near  the  Weldon  fault  very  steeply,  so  that  at  the  fault  the  contact 
is  90  feet  above  the  level.  At  the  same  time,  the  beds  dip  slightly 
south,  so  that  the  ore,  which  is  20  feet  thick  above  the  level  on  the 
north  side  of  the  claim,  is  entirely  below  it  on  the  south.  About  40 
feet  south  of  the  shaft  the  White  porphyry  contact  comes  down  into 
the  level  with  a  southwest  dip,  showing  its  characteristic  chert  frag- 
ments and  being  somewhat  sheeted  as  the  result  of  movement  along 
the  plane  of  contact.  On  the  Weldon  fault  considerable  ore  was 
found  in  the  upper  6  feet,  which  had  been  dragged  in  from  the  adjoin- 
ing ore  bodies. 

To  the  west  of  the  shaft  the  beds  are  still  more  crumpled  and  in 
sdtne  places  slightly  faulted.  The  Gray  porphyry  is  very  irregular 
and  very  difficult  to  trace.  Farther  west  it  appears  to  split,  one 
branch  rising  above  the  first  level  (9,780  feet),  as  it  does  in  the  Stan- 
ground;  the  other  descending  and  possibly  connecting  with  that  in 
the  Bohn  ground,  which  stands  at  a  much  lower  level — 9,600  to  9,669 
feet. 

BOHN  mVE. 

There  is  a  good  deal  of  uncertainty  about  the  structure  of  the  ground 
between  the  Starr,  Weldon  No.  2,  and  Bohn  shafts,  the  rocks  being 
very  soft  and  decomposed  and  the  old  drifts  largely  inaccessible. 
The  intrusive  sheet  of  6ray  porphyry  is  about  60  to  70  feet  thick  and 
stands  at  a  lower  level  relative  to  the  White  porphyry  contact  than 
at  either  the  Starr  or  Weldon  shafts.  In  the  Bon  Air  ground,  to  the 
south,  it  retains  the  same  thickness  and  descends  at  the  same  dip 
as  the  limestone,  or  possibly  a  little  steeper  dip.  To  the  west  in  the 
Bohn  ground  this  sheet  rises  in  horizon,  not  uniformly  but  in  gentle 
rolls,  and  thins  out  to  35  and  then  to  25  feet  in  thickness.  At  the 
Bohn  shaft  it  sends  off  a  vertical  dikelike  offshoot,  25  feet  thick, 
which  cuts  the  first  level  of  the  Bohn  mine  (9,778  feet)  just  south  of 
the  shaft.  The  ore  in  the  Bohn  ground  has  been  mostly  taken  from 
the  upper  contact  to  the  south  and  west  of  the  shaft,  but  on  the  second 
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level  (9,718  feet)  some  small  pockets  of  ore  have  been  mined  under 
the  Gray  porphyry.  The  formations  in  general  descend  to  the  south 
and  southwestward,  and  at  240  feet  west  of  the  shaft  a  zone  of  por- 
phyry and  Umestone  breccia  running  north-south  may,  it  is  thought, 
represent  the  Cloud  City  fault.  It  is  not,  however,  seen  in  the  upper 
level,  nor  does  there  seem  to  be  any  considerable  displacement  of  the 
beds  on  either  side.  As  disclosed  in  the  Home  Extension  shaft,  still 
farther  west,  where  the  contact  stands  at  9,680  feet,  the  drop  might 
be  accounted  for  by  the  slope  of  22°.  It  is  probable,  however,  that 
there  is  a  downward  displacement  of  about  50  feet. 

BON  AiB  urns. 

At  the  time  of  the  examination  this  mine  was  not  actively  worked 
and  the  ore  stopes  were  not  visited.  They  lie  mostly  above  a  single 
level  (9,669  feet),  by  which  the  mine  was  then  opened,  and  at  the 
White  porphyry  contact.  This  contact  has  an  average  slope  of  10° 
to  the  south,  and  at  one  point  comes  down  in  a  synclinal  roll  to  the 
floor  of  the  level.  The  ore  bodies  are  said  to  be  from  10  to  25  feet 
in  thickness  and  of  rather  low  grade,  averaging  about  8  ounces  of 
silver  to  the  ton.  They  are  generally  underlain  by  chert  in  varying 
thickness  up  to  10  feet.  Three  drill  holes  have  been  sunk  from  this 
level  down  to  the  Parting  quartzite  without  finding  ore,  but  this  seems 
to  be  insufficient  ground  for  assuming  that  it  does  not  exist  there. 
To  the  east,  toward  the  P.  O.  S.  mine,  the  beds  rise  at  an  angle  which 
steepens  as  this  ground  is  approached,  the  more  rapid  rise  being  prob- 
ably influenced  by  the  general  uplift  along  the  fault  zone.  As  the 
P.  O.  S.  mine  was  being  actively  worked  at  the  time  visited  and  was 
studied  in  detail  by  Mr.  Irving,  it  will  be  described  rather  fully,  since 
it  presents  a  structure  typical  of  the  fault  zone. 

p.  0.  8.  lOHS. 

The  P.  O.  S.  mine  is  opened  by  a  shaft  situated  on  the  western  slope 
of  Carbonate  Hill,  350  feet  southwest  of  the  Portland,  600  feet  north- 
west of  the  Can  shaft,  and  640  feet  east  of  the  Bon  Air  shafts.  It 
reaches  the  White  porphyry-limestone  contact  at  a  depth  of  507  feet 
(9,791  feet)  and  has  two  levels  at  elevations  of  9,771  and  9,762  feet, 
the  drifts  of  the  upper  level  lying  to  the  east  and  those  on  the  lower 
level  to  the  west  of  the  shaft.  The  ore  thus  far  extracted  has  ])een 
found  at  this  contact,  which  has  a  generally  southwesterly  dip  at  an 
average  angle  of  25°  to  30°.  Locally,  however,  there  are  sharp  down- 
ward bends  in  the  strata  along  which  ore  is  apt  to  accumulate,  as  shown 
in  fig.  4,  section  BB. 

At  the  contact  the  White  porphyry  is  decomposed  and  altered  for 
a  distance  of  6  feet  or  more  to  a  soft  wliite  clay,  which  is  sheeted  or 
foliated  parallel  to  the  bedding  of  the  limestone,  and  the  clay  con- 
tains fragments  of  black  chert  which  have  been  sheared  out  of  the 
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Blue  limestone,  where  it  normally  belongs,  thus  affording  conclusive 
evidence  of  movement  on  this  plane.  The  clay  is  much  stained  by 
manganese  oxide,  and  dendrites  of  manganese  extend  up  into  the 
porphyry  above  the  altered  zone. 

z  -< 


Fig.  2.— Plan  showing  the  workings  of  the  P.  O.  S.,  Midland,  and  Can  mines  at  the  working  levels  and 
the  rocks  exposed  by  the  drifts  on  those  levels,  the  elevation  of  the  latter  above  sea  level  being  Indicated 
by  figures  within  the  drifts.  The  outlines  of  the  ore  bodies  are  projected  onto  this  plan.  Figs.  3  ar-d 
4  are  partial  sections  along  the  lines  ^^  and  BB,  which  run  respectively  southeast  and  southwest  across 
the  area  of  the  plan.  Symbols:  Agr— granite;  €lq=Cambrian  quartrite;  ri=Blue  limestone;  Wp— 
White  porphyrj'. 

In  the  southern  portion  of  the  mine  the  dip  of  the  formation  brings 
the  porphyry  down  across  and  below  the  level  of  the  upper  drifts,  as 
shown  on  the  map. 

Faults, — The  Pendery  fault  is  represented  by  a  zone  of  broken  rock, 
mostly  quartzite  {bq  on  fig.  3),  wliich  is  25  feet  wide  in  the  Can  ground 
ind  reaches  100  feet  in  the  }^iidland  ground.     The  vertical  separation 
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of  this  fault,  as  shown  on  the  general  section,  IX  (PI.  VI),  is  about  850 
feet  for  a  throw  of  about  1,100  feet.  The  east  drift  from  the  Midland 
shaft,  after  passing  through  about  100  feet  of  fault  material,  mostly 
broken  quartzite,  penetrated  solid  Cambrian  quartzit-e  beyond.     It  is 


10000  feet  elevation 


^ndery  fautt  zone 

******* '  ^^^^^-b^ij/f  8^'/  :■> 
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FiQ.  3.— Workings  of  P.  O.  S.  mine.    (For  meaning  of  symbols  see  ftg.  2.) 

assumed  here  that  this  lies  between  the  Pendery  and  the  Carbonate 
faults,  the  latter  having  bent  westward  to  join  the  Pendery  just  north 
of  the  Can  shaft.  This  is,  however,  only  an  assumption,  as  this  part 
of  the  ground  has  not  yet  been  explored. 


10000  feet  elevation 


Fig.  4.— Workings  of  P.  O.  S.  mine.    (For  meaning  of  symbols  ses  flg.  2.) 

Another  fault  runs  parallel  to  th^  Pendery,  about  200  feet  to  the 
west,  which  is  well  exposed  in  various  upraises.  It  has  a  throw  of  not 
over  65  feet,  but,  owing  to  its  limited  lateral  extent,  has  not  been 
represented  on  the  general  map.     A  number  of  still  smaller  faults  run 
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for  short  distances  parallel  to  this,  which  apparently  converge  to  the 
south  and  finally  join  it,  as  shown  on  the  map  and  in  figs.  3  and  4. 
They  illustrate  the  complication  of  smaller  faults  which  are  apt  to 
accompany  the  larger  ones  and  render  it  difficult  to  work  out  c\l  the 
details  of  the  underground  structure. 

Ore, — The  ore  of  the  P.  O.  S.  mine  is  an  altered  manganiferous  iron, 
some  of  it  carrying  as  high  as  200  to  300  ounces  of  silver.  The  silver 
is  often  visible  in  beautiful  greenish  crystals  of  horn  silver  lining 
cavities  in  the  ore.  Cerussite  is  found  irregularly^  disseminated 
through  the  siliceous  ^* liver-colored'*  rock,  constituting  a  hard 
carbonate  ore.  It  occurs  normally  in  a  mass  of  black  iron,  but 
immediately  below  the  porphyry,  as  shown  in  the  diagrammatic 
section  below  (fig.  5).  The  ore  in  the  P.  O.  S.  occurs  in  three  distinct 
shoots,  only  one  of  which  had  been  sufficiently  explored  at  the  time  of 
visit  to  disclose  fully  its  geological  relations.  This  lies  on  the  north 
side  of  the  shaft,  but  does  not  extend  up  to  the  fault  that  separates  the 
P.  O.  S.  from  the  Midland  workings.  It  lies  close  up  against  the 
Wliite  porphyry,  from  which  it  is  rarely  separated  by  an}'  unreplaced 
limestone.  It  is  extremely  irregular  in  outline  and  varies  from  20  to 
30  feet  in  thickness. 


*4.White  porphyry 

^* 

Lead  carbonate  ore 
anganiferouft  iron 

mestonc 

Fio.  5.— Diagrammatic  section  of  ore  body,  P.  O.  S.  mine.    Shows  the  occurrence  of  the  carbonate 
ore  next  to  the  White  porphyry. 

To  the  west  of  the  shaft  on  the  lower  level  is  the  northeastern 
continuation  of^n  ore  shoot  which  extends  into  the  Bon  Air  ground. 
Other  ore  bodies  on  the  upper  level  and  south  of  the  shaft  had  just 
been  opened  at  time  of  visit  and  were  about  25  feet  in  tliickness. 
The  ore  is  cut  off  on  the  east  by  a  smooth  limestone  wall,  dipping  65° 
west — the  foot  wall  of  a  fault  that  can  not  have  much  throw,  since  the 
bottom  of  the  Can  winze  on  the  level  above  and  farther  east  is  still  in 
White  porphyry. 

Little  or  no  ore  was  found  in  thie  Midland  mine,  whose  workings  are 
in  ground  so  faulted  and  broken  as  to  make  successful  mining  rather 
difficult.  In  the  Can  mine,  whose  workings  are  largely  in  granite  or 
White  porph^Ty,  no  ore  has  been  found. 
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BOUTHSKN  EBOE  OF  AEEA. 

So  far  as  can  be  learned,  no  large  amount  of  ore  has  been  mined 
south  of  the  P.  O.  S.  ground.  Considerable  underground  exploration 
has  been  done  from  the  May  Queen  and  O'Donovan  Rossa  shafts,  but 
they  were  evidently  unsuccessful  in  finding  ore  and  have  long  been 
abandoned. 

The  California  tunnel  was  visited  in  1880  and  found  to  run  700  feet 
into  the  hill,  of  which  the  first  585  feet  went  through  White  porphyry 
to  a  fault,  which  is  evidently  the  Pendery  fault.  The  tunnel  passed 
beyond  it  into  a  limestone,  supposed  to  be  the  Blue  limestone,  which 
bends  downward  against  the  fault  plane  with  a  western  dip  of  40^, 
but  farther  in  shows  a  normal  southeastern  dip. 

An  east  drift  from  the  California  Gulch  shaft,  at  the  southern  edge 
of  the  map,  also  cuts  the  Pendery  fault,  whose  position  on  the  sur- 
face has  been  calculated  with  reference  to  the  measurements  given  by 
the  working  maps  of  this  mine,  the  mine  itself  being  closed  down. 
The  shaft  passed  through  the  intrusive  Gray  porphyry  and  found 
a  considerable  thickness  of  mineralized  matter  beneath  this,  as  well 
as  beneath  the  White  porphyry. 

The  tracing  of  the  Pendery  fault  thus  far  may  therefore  be 
regarded  as  rather  accurate,  but  with  regard  to  the  southern  con- 
tinuation of  the  Carbonate  fault  there  is  less  certainty.  It  has  not 
been  actually  cut  underground  south  of  the  JEtnsi  mine,  and  its  curv- 
ing connection  with  the  Pendery  fault,  represented  on  the  map,  is  a 
theoretical  assumption  deduced  from  the  apparent  converging  direc- 
tion of  the  two  faults  and  the  failure  to  find  any  well  -  defined 
duplication  of  beds  on  the  outcrops  on  the  steep  southwest  slope  of 
Carbonate  Hill.  The  latter  is  rather  negative  evidence,  as  the  cover- 
ing of  slide  rock  is  so  deep  that  there  are  very  few  actual  rock  out- 
crops, and  the  prospect  holes  that  have  reached  rock  in  place  are 
very  scattered  and  diflBcult  of  access.  On  the  other  hand,  drifts 
running  eastward  from  the  Toledo  Avenue  shaft  cut  a  fault  that 
crosses  California  Gulch  in  a  northerly  direction,  and  a  wedge-shaped 
fault  was  found  375  feet  from  the  mouth  of  the  Prospect  incline,  half- 
way between  that  shaft  and  the  Carbonate  incline.  Moreover,  accord- 
ing to  the  outlines  indicated  on  the  map,  the  limestone  cut  beyond  the 
fault  by  the  California  tunnel  must  be  the  lowest  part  of  the  White 
limestone  instead  of  the  Blue  limestone,  as  was  supposed  at  the  time 
of  visit  in  1880.  Whether  the  Carbonate  fault  is  correctly  represented 
on  the  map  or  continues  southward  in  a  more  easterly  position,  faults 
of  minor  throw  undoubtedly  cross  California  Gulch  east  of  the 
Pendery  fault,  as  is  shown  by  discrepancies  in  the  beds,  and  one  of 
them  pjisses  through  the  Revenue  shaft  on  the  flat  south  of  the  gulch. 
The  structure  shown  on  Section  II  (PI.  II),  which  has  been  continued 
to  the  west  of  the  area  mapped  in  order  to  incorporate  the  data  given 
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as  to  rocks  passed  through  by  the  Valentine  and  Maple  Street  shafts, 
shows  that  the  descent  westward  of  the  Blue  limestone  is  not  so  steep 
but  that  it  can  be  accounted  for  by  a  westward  dip  in  the  beds  which 
is  not  greater  than  is  elsewhere  observed  in  the  Downtown  area, 
though  a  fault  of  small  throw  is  said  to  have  been  proved  by  under- 
ground workings  west  of  the  A-  V.  shaft  and  a  little  east  of  the 
Valentine  shaft. 

Prosi>ecting  in  this  southern  area  must  always  be  attended  by 
considerable  risk,  as  an  indispensable  preliminary  is  the  sinking 
through  400  to  700  feet  of  necessarily  barren  material  before  the 
horizon  of  possible  ore  can  be  reached,  and  when  reached  there  are 
as  yet  no  well-defined  lines  of  probable  mineralization  to  guide  the 
miner  in  his  exploration.  On  the  other  hand,  the  highly  altered 
condition  of  the  rocks  passed  through  by  such  shafts  as  the  A.  V., 
which  have  been  sunk  in  this  area,  indicate  a  probable  extension  of 
the  area  of  mineralization  beyond  that  already  explored  underground. 

GENESIS  OF  ORES. 
MISCONCEPTION  OF  ORIGINAL  VIEWS. 

The  explanations  given  in  the  original  reports  on  the  Leadville  dis- 
trict of  the  origin  and  formation  of  the  ores  in  limestone  have  been 
in  many  respects  very  generally  misconstrued  in  subsequent  publi- 
cations. In  some  of  these  the  writer  is  assumed  to  have  stated  that 
the  ores  were  brought  in  by  waters  descending  directly  from  the  sur- 
face; in  others,  that  the  metallic  contents  of  these  waters  were  de- 
rived from  the  overlying  White  porphyry,  neither  of  which  views  he 
actually  held.  It  would  seem  that  the  authors  of  these  publications 
must  have  formed  their  opinion  from  reading  only  the  preliminary 
statement,  published  immediately  after  the  close  of  field  work  in  1882, 
rather  than  from  the  more  complete  explanation  given  later  in  the 
Leadville  monograph.  In  the  former^  it  was  briefly  stated  with 
regard  to  the  origin  of  the  deposits: 

1.  That  they  have  been  derived  from  aqueous  solutions. 

2.  That  these  solutions  came  from  above. 

3.  That  they  derived  their  metallic  contents  from  the  neighboring 
eruptive  rocks. 

In  the  final  report^  this  statement  was  made  more  explicit,  as 
follows: 

With  regard  to  the  immediate  source  from  which  the  minerals  forming  these  deposits 
w(To  derived,  the  following  conclusions  have  been  arrived  at: 

1.  That  they  came  from  above. 

2.  That  they  were  derived,  mainly,  from  the  neighboring  eruptive  rocks. 


a  Second  Ann.  Uept.  U.  S.  Gool.  Survey,  1882,  p.  234. 
b  Mon.  U.  S.  Oeol.  Survey,  vol.  12,  1886,  p.  379. 
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By  these  statement  it  is  not  intended  to  deny  the  possibility  that  the  material  may 
originally  have  come  from  great  depths,  nor  to  maintain  that  they  were  necessarily 
derived  entirely  from  eruptive  rocks  at  present  immediately  in  contact  with  the 
deposits. 

The  facts  and  reasons  on  which  these  conclusions  are  based  will  be  given  in  the  fol- 
lowing chapters. 

At  the  time  the  preliminary  report  was  in  preparation  capitalists 
were  being  urged  by  J.  Alden  Smith,  State  geologist,  to  sink  deep 
shafts  immediately  down  to  the  Archean,  on  the  theory  that,  since 
ore-bearing  solutions  came  from  below,  the  Leadville  ores  must  nec- 
essarily have  ascended  through  fissures  in  the  imderlying  granitic 
rocks,  and  the  ore  bodies  found  there,  being  nearer  to  the  source, 
would  be  more  valuable  than  those  found  in  the  limestone,  his  belief 
being  that  ^' these  fissures  and  deposits  will  be  extensively  and  profit- 
ably worked  for  centuries  after  the  contact  deposits  now  operated  are 
exhausted/'^ 

In  the  light  of  the  geological  investigations  he  had  made,  this  seemed 
to  the  writer  a  mistaken  idea,  which,  if  followed,  would  result  in  pecu- 
niary loss  and  might  retard  the  development  of  the  district;  hence 
he  made  his  statement  strong,  and,  as  results  have  since  proved, 
rather  too  unqualified. 

Geological  studies  of  ore  deposits  up  to  that  time  had  been,  mainly, 
of  veins  that  follow  nearly  vertical  fissures  in  the  rocks,  of  which  the 
most  natural  explanation  is  that  they  are  formed  by  ascending  solu- 
tions; and  in  ordinary  mine  reports,  for  which,  as  a  rule,  but  little 
study  of  the  general  geology  of  the  district  was  deemed  necessary, 
the  rather  perfunctory  statement  was  generally  made  that  the  vein 
materials  "came  from  below,"  without  any  very  definite  understand- 
ing on  the  part  of  the  writer  of  what  these  words  implied. 

It  was,  moreover,  generally  assumed  that  all  waters  circulating 
within  the  crust  of  the  earth  came  originally  from  the  surface,  descend- 
ing under  the  influence  of  gravity  and  ascending  again  under  the 
influence  of  heat — either  the  normal  increment  of  heat  within  the  cnist, 
or  that  due  to  proximity  with  some  cooling  igneous  mass.  The 
modem  idea  that  cooling  igneous  masses  have  given  off  enough 
occluded  water  to  furnish  a  continuous  underground  circulation  was 
then,  and  for  many  years  afterwards,  not  considered  tenable. 

In  undertaking  the  study  of  the  Leadville  mines,  the  writer  pro- 
posed to  take  a  new  departure  in  making,  as  a  preliminary,  a  thorough 
study  of  the  geological  structure,  not  only  of  the  immediate  vicinity 
of  the  mines  but  of  the  whole  mountain  region  within  a  radius  of 
about  10  miles  around,  and  to  base  his  attempt  to  explain  the  manner 
of  formation  of  the  ore  deposits  on  the  geological  data  thus  obtained, 

a  Kept,  on  mineral  and  6ther  resources  of  Colorado  (or  1881  and  1882,  p.  04. 
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quite  independently  of  whether  the  resulting  explanation  accorded 
with  current  theories  or  not.  As  it  was  his  first  study  of  any  impor- 
tant group  of  ore  deposits,  he  did  not  feel  competent  to  go  into 
abstract  questions  about  their  origin,  much  less  to  present  a  general 
theory  of  ore  deposits,  as  some  seem  to  have  assumed  he  did ;  hence, 
in  speculating  as  to  the  source  of  the  metals,  he  thought  it  wiser,  as 
the  important  object  was  to  furnish  a  guide  to  the  miner  in  his 
search  for  ore  bodies  (as  stated  explicitly  in  the  text.  Monograph  12, 
p.  572),  *Ho  leave  out  of  consideration  altogether  the  ultimate  and 
purely  speculative  source  and  to  confine  the  investigation  to  the 
more  immediate  source,  about  which  it  was  possible  to  obtain  some 
actual  and  demonstrable  evidence/'  Then,  after  stating  that  the 
commonly  received  explanation  for  vein  deposits  is  that  they  have 
been  formed  by  directly  ascending  heated  solutions,  he  said,**  ''In 
the  case  of  the  Leadville  deposits,  the  inadequacy  and  even  falsity 
of  this  explanation,  except  as  applied  to  the  ultimate  source  from  which 
the  metals  may  have  been  derived^  is  readily  apparent."  He  then  pro- 
ceeded to  give  the  reasons  for  this  statement  by  showing  that  the 
form  of  the  ore  bodies  was  such  as  to  lead  to  the  conclusion  that  the 
ore-bearing  bodies  entered  the  limestone  from  its  contact  with 
the  porphyry  sheets.  These  contacts  being  the  main  channels  of 
circulation  and  mainly  at  the  upper  surface  of  the  limestones,  *Hhe 
few  approximately  vertical  bodies  [of  ore]  that  have  come  under 
observation  afford  no  evidence  that  their  walls  form  part  of  a  channel 
through  which  the  ore  currents  came  up  from  below;"  ^  hence,  he 
concluded,  'Hhe  above  considerations  seem  sufficiently  conclusive 
evidence  against  adopting  upward  currents  as  the  direct  source  of 
the  ore  deposits  of  Leadville." 

In  further  argument  against  the  necessity  of  resorting  to  the 
unknown  depths  to  find  the  source  of  the  metals,  the  author  pro- 
ceeded to  give  the  result  of  chemical  tests  of  the  country  rocks, 
especially  those  of  igneous  origin,  which  showed  that  small  amounts 
of  vein  material  were  found  in  most  of  the  latter  and  that  most  of 
the  varieties  of  porphyry,  except  the  White  porphyry,  contained 
appreciable  amounts  of  silver.  Then,  without  attempting  to  decide 
which  particular  variety  of  porphyry  the  metals  came  from  (which 
he  explicitly  stated  was  ''too  difficult  because  of  the  amount  that 
had  been  removed  by  erosion  since  ore  deposition  "),  he  said:  "The 
foregoing  reasons  seem  to  favor  the  probability  that  the  ores  may 
have  been  derived,  in  part  at  least,  from  one  or  more  of  the  bodies 
of  porphyry  which  occur  in  the  region,  c     *     *     *  »' 

While  the  intimate  genetic  connection  between  the  ores  and  por- 
phyry was  established,  as  he  conceived,  with  reasonable  certainty, 

a  Loc.  cit.,  p.  572.  «•  Loc.  cit.,  p.  573.  c  Loc,  cit.,  p.  584. 
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he  admitted  that  there  was  still  some  doubt  about  the  ultimate 
source  of  the  metals,  remarking : " 

It  is  possible  that  in  future  years,  when  mine  i^orkinge  shall  have  been  extended 
over  areas  where  the  ore  horizon  exists  at  considerable  depths  below  the  surface  and 
other  eruptive  channels  have  been  found  and  critically  examined,  evidence  may  be 
obtained  that  ore  solutions  have  accended  along  these  channels  from  below. 

The  idea  that  was  in  his  mind  in  saying  this  was  that  inasmuch 
as  the  Gray  porphyry  within  the  mineral  area  is  a  distinctly  later 
eruptive  than  the  White  porphyry,  if  the  channels  were  foimd  through 
which  tliis  porphyry  had  reached  the  Blue  limestone  horizon  these 
might  prove  to  be  also  the  channels  through  which  the  dre-bearing 
solutions  had  reached  that  horizon. 

CRITICISMS. 

In  the  time  that  has  elapsed  since  the  Leadville  report  was  written 
some  of  the  conclusions  have  been  severely  criticised  by  prominent 
geologists,  notably  the  genetic  connection  of  ore  deposition  with 
igneous  eruption  and  the  metasomatic  replacement  of  limestone  by 
ore,  but  practically  all  of  these  conclusions  may  now  be  regarded  as 
universall}^  admitted  by  economic  geologists,  with  the  exception  of 
the  determination  of  source  of  the  metals.  With  regard  to  this,  it 
may  be  said  that  in  treatises  on  ore  deposits  ^Titten  within  that  time 
the  general  opinion  seems  to  be  that  the  writer  wrongly  conceived 
the  ores  to  have  been  brought  in  by  descending  waters,  but  that  min- 
ing engineers,  who  had  become  more  familiar  with  the  deposits  by 
later  and  more  continuous  underground  observation,  had  proved 
them  to  have  been  brought  up  from  below  by  hot  ascending  solutions. 

Having  already  endeavored  to  show  in  what  respect  the  author's 
statements  were  misconstrued,  it  may  be  well  to  see  how  far  these 
statements  are  justified  by  a  careful  consideration  of  the  articles  on 
which  they  were  based. 

The  mining  engineers  to  whose  writings  references  had  been  made 
were  Messrs.  F.  T.  Freeland,^  Charles  M.  Rolker,''  and  A.  A.  Blow.** 
Of  these,  Mr.  Freeland  did  not  discuss  at  all  the  source  or  origin  of 
the  metals.  Mr.  Rolker,  confining  himself  to  the  direct  source, 
objected  chiefly  to  the  assumed  statement  of  the  writer  that  the  ore- 
bearing  solutions  descended  directly  and  exclusively  from  the  over- 
l3dng  White  porphyry,  inasmuch  as  his  own  observations  show  that 
on  Fryer  Hill,  where  he  had  been  in  charge  of  an  important  mine, 
the  ore  bodies  do  not  occur  exclusively  or  predominatingly  on  the 
upper  contact  of  limestone  with  porphyry,  and  that  they  appeared 

oLoc.  cit.,  p.  584. 

t  Sulphide  deposits  of  South  Iron  Hill:  Trans.  Am.  Inst.  Mln.  Eng..  1885,  vol.  14,  1886,* pp.  181-189. 

cThe  Leadville  ore  deposits:  Ibid.,  1885,  vol.  14,  1886,  pp.  273-292. 

d  The  geology  and  ore  deposits  of  Iron  Hill:  Ibid.,  1889,  vol.  18,  1890,  pp.  145-181. 
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to  have  a  closer  genetic  connection  with  the  Gray  than  with  the 
White  porphyry.  His  general  statement  with  regard  to  the  deposits 
of  the  district,  however,  is  as  follows :° 

They  are  found  mainly  as  contact  deposits  between  the  Carboniferous  limestone 
and  the  overlying  felsite,  with  additional  or  incidental  ore  accumulations  in  the  lime- 
stone in  irregular  cavities,  directly  or  indirectly  connected  with  "the  plane  of  contact 
by  irregular  and  often  minute  conduits,  which  a  careful  search  reveals. 

This  statement,  as  far  as  it  goes,  is  a  confirmation  of  that  of  the 
writer. 

In  a  subsequent  article  in  the  same  periodical  *  the  writer  has 
pointed  out  how  far  the  apparent  discrepancy  of  their  views  arose 
from  a  misconstruction,  on  the  part  of  Mr.  Rolker,  either  of  his  state- 
ments or  of  the  facts. 

Mr.  Blow's  article,  based  as  it  was  on  nine  years'  continuous  obser- 
vation of  the  practical  extraction  of  ore  in  a  part  of  the  region  where 
the  ore  bodies  have  been  deposited  to  a  considerable  extent  along  ver- 
tical fractures  as  well  as  on  the  more  or  less  horizontal  contacts  and 
bedding  planes  in  the  limestone,  constituted  an  invaluable  contribu- 
tion to  the  geological  history  of  Leadville  ore  deposits,  and  his 
conclusions  from  actually  observed  facts,  such  as  the  origin  of  man- 
ganese in  the  oxidized  ores,  and  of  secondary  enrichment,  especially  of 
zinc  in  the  upper  part  of  the  sulphide  bodies,  showed  remarkable 
acumen  in  observation  and  reasoning.  The  more  theoretical  part  of 
his  article,  relating  to  what  the  writer  would  have  called  the  ultimate 
source  of  the  metals,  is,  however,  less  satisfactory,  because,  while  pro- 
fessedly intended  as  a  refutation  of  the  writer's  views,  it  starts  with  a 
misconception  of  those  views,  and  also  because  it  brings  no  observed 
facts  to  support  those  which  he  proposes  as  a  substitute  for  them. 

The  misconception  consists,  first,  in  his  failing  to  appreciate  the  fact 
that  the  writer  was  speaking  only  of  the  immediate  source  and 
declined  to  discuss  the  ultimate  and  theoretical  source,  and,  second,  in 
his  mistaken  assumption  that  the  writer  stated  that  the  metals  were 
derived  from  the  White  porphyry.  The  main  part  of  his  argument  is 
devoted  to  the  refutation  of  this  latter  mistaken  assumption,  and  is 
purely  negative ;  but,  when  he  comes  to  his  positive  assertions,  he  sim- 
ply gives  as  the  alternative  source  the  word  ' '  below^"  the  use  of  which 
the  writer  had  deprecated  because  of  its  indefiiiiteness ;  and  as  to  the 
manner  in  wliich  the  solutions  reached  the  present  locus  of  the  ore 
bodies,  or  what  the  writer  would  have  called  the  immediate  source,  he 
says:^ 

2.  That  such  ascending  solutions  more  readily  penetrated  the  limestone  along  the 
planes  of  contact  of  the  igneous  and  sedimentary  formations,  and  through  zones  of  least 


a  Loe.  cit.,  p.  282. 

t>  Uenesls  of  certain  ore  deposits:  Trans.  Am.  Inst.  Min.  Eng.,  1886,  vol.  15,  p.  125. 

c  Trans.  Am.  Inst.  Min.  Eng.,  vol.  18.  1890,  p.  174. 


Digitized  by  VjOOQIC 


GENESIS    OF    ORES.  65 

resistance  in  the  latter  previously  marked  out  l)y  the  inlni^ion  of  tho  porphyries,  and 
gradually  replaced  the  limestone  with  their  metalliferous  contents  in  the  form  of  sul- 
phides. 

The  writer,  in  seeking  for  reasons  for  the  location  of  the  majority  of 
the  ore  bodies  in  the  Blue  limestone,  states: " 

The  great  intrusive  sheets  of  porphyry  are  found  to  follow  it  most  persistently,  mainly 
along  the  upper  surface,  less  frequently  along  its  under  surface,  and  also  cutting  trans- 
versely across  it.  These  intrusive  bodies  are  also  found  at  other  horizons,  it  is  true,  hut 
at  none  so  persistently  and  so  uniformly  as  at  this.  Thus  both  ascending  and  descend- 
ing currents  would  readily  reach  these  beds,  the  latter  trickling  through  the  uniformly 
permeable  eruptive  rock,  the  former  following  up  the  walls  of  the  channels,  through 
which  it  was  erupted. 

Thus,  taking  into  consideration  the  greater  development  of  ore 
bodies  and  intrusive  sheets  of  Gray  porphyry'  which  had  been  sho>\Ti  to 
exist  at  the  time  Mr.  Blow  wrote,  the  difference  in  view  between  him 
and  the  writer  is  not  essential,  for  he  does  not  bring  an}^  facts  to  bear 
against  the  latter's  third  reason  for  declining  to  accept  upward  cur- 
rents as  the  direct  source  of  the  ore,^  i.  e.,**the  noticeable  absence,  in 
the  region  of  greatest  ore  development,  of  channels  extending  down- 
ward, through  which  the  ascending  solutions  might  have  come." 
Indeed,  in  his  descriptions  he  speaks  of  the  ores  as  going  downward 
rather  than  upward,  and  when  they  occur  along  vertical  frivctures  he 
does. not  suggest  their  continuation  below  the  Blue  limestone,  but 
simply  argues  against  their  immediate  derivation  from  the  overlying 
White  porphyry,  and  is  apparently  no  more  a  behever  in  Mr.  J.  Alden 
Smithes  theory  than  was  the  writer.  Yet  the  region  he  treats  of  is  the 
one  region  in  Leadville  where  vertical  cracks  are  most  frequently  found 
in  connection  with  ores  in  limestone,  and  it  is  upon  their  occurrence 
that  Mr.  Blow  founded  his  theory  of  northeast  shoots  as  the  prevailing 
form  of  Ijeadville  ore  bodies.  Hence,  the  assumption  of  the  various 
treatises  on  ore  deposits  that  the  writer's  theory  as  to  the  source  of 
the  metals  has  been  disproved  by  Mr.  Blow  seems  to  have  been 
founded  on  an  unfortunate  misconception  of  the  facts. 

On  the  other  hand,  with  regard  to  the  ultimate  source  of  the  metals, 
it  does  not  appear  from  his  text  that  Mr.  Blow  is  entirely  clear  in  his 
mind  as  to  what  that  source  was,  or  as  to  the  process  by  which  the 
vein  minerals  were  derived  from  it.  In  one  place  he  says^  that  '*it 
does  not  necessarily  preclude  the  theory  that  the  porphyries  were  the 
derivative  rock  mass  from  which  the  ascending  solutions  receive  their 
metallic  contents,  *  *  *  to  be  ejected  subsequent  to  the  porphy- 
ries, and  consequent  upon  their  intrusion;"  and  later  that  the  ''solu- 
tions were  forced  up  with  their  mineral  contents  from  the  deep,  from 

oMon.  U.  S.  Geol.  Survey,  vol.  12.  ISKii.  p.  541. 

6  Ibid.,  p.  573. 

<•  Trans.  Am.  Inst.  Min.  Eng.,  vol.  Ik,  1890,  p.  181. 
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the  same  regions  and  in  the  same  manner  as  that  of  the  intrusive  dike 
porphyries  with  which  they  are  here  and  elsewhere  so  intimate!}' 
connected/'  Mr.  Blow  frankly  agrees  with  the  UTiter ,  however,  in 
admitting  that  the  theory  that  the  solutions  came  from  below  is  not 
susceptible  of  direct  proof;  hence,  the  real  diflference  between  him 
and  the  writer  is  that  the  one  was  willing  and  the  other  was  unwilling 
to  put  forward  views  in  support  of  which  he  could  bring  no  facts  of 
observation. 

MODERN  VIEWS  ON  ORE  DEPOSITION. 

In  more  recent  times,  as  the  knowledge  of  ore  deposits,  through 
scientific  studies,  has  increased,  and  the  more  theoretical  questions 
with  regard  to  them  have  become  frequent  subjects  of  discussion,  manj^ 
important  changes  have  been  brought  about  in  the  views  generalh' 
held  with  regard  to  the  origin  and  manner  of  formation  of  ore  deposits. 
It  has  been  actually  demonstrated : 

1.  That  deposits  in  limestone  have  been  formed  by  directly  ascend- 
ing solutions,  of  which  those  of  Rico,  Colo.,  are  the  most  notable 
instances. 

2.  That  certain  deposits  in  limestone  have  been  formed  primarily 
by  direct  emanations  of  mineral-bearing  solutions  from  intruded  igne- 
ous masses  during  cooling  and  consolidation,  to  which  alone  the  term 
contact  deposits  is  now  considered  to  be  scientifically  applicable,  sinc43 
they  are  characterized  by  the  presence  of  minerals  formed  during 
what  is  known  as  contact  metamorpliism.  Up  to  1901  there  were  no 
published  scientific  descriptions  of  such  deposits  in  the  United  States, 
but  since  that  time  a  vast  number  of  important  deposits,  especially  of 
copper,  have  been  described  as  properly  belonging  to  this  type. 

3.  That  certain  deposits,  especially  of  magnetic  iron,  have  been 
actually  formed  by  magmatic  segregation  from  igneous  masses 
during  their  cooling  and  consolidation. 

4.  That  underground  waters,  which  are  still  regarded  as  the  most 
important  vehicle  for  the  transportation  of  vein  material  within  the 
earth's  crust,  are  not  necessarily  all  of  meteoric  origin,  as  was  formerly 
thought,  but  may  rise  from  the  squeezing  out  of  occluded  water  from 
igneous  magmas  as  they  cool  and  contract.  That  such  magmas 
are  giving  out  water  in  sufficient  quantity  to  feed  thermal  springs  or  to 
form  ore  deposits  is  of  course  not  susceptible  of  direct  proof.  It  has 
long  been  recognized  that  during  volcanic  eruptions  great  quantities 
of  the  vapor  of  water  escaped  into  the  atmosphere,  but  this  phenome- 
non has  hitherto  been  explained  as  the  result  of  the  descent  through 
fissures  of  ocean  waters  that  came  into  contact  with  the  rising 
magmas  and  thus  produced  extensive  eruptions.  Suess,  the  most 
prominent  advocate  of  the  modern  theory,  claims  that  it  is  not  the 
ocean  that  feeds  volcanoes,  but  that  volcanoes  have  furnished  water  to 
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the  ocean.  Indirect  arguments  in  favor  of  this  theor}'  are  found,  first, 
in  the  observed  fact  that  in  very  deep  mines  the  lowest  levels  are  rela- 
tively or  absolutely  dry;  whence  it  is  assumed  that  if  surface  waters 
do  not  reach  such  comparatively  shallow  depths  they  can  hardly  be 
supposed  to  have  been  the  vehicle  which  brought  the  metals  up  from 
the  barysphere,  which  must  be  fifty  or  a  hundred  fold  as  deep,  or 
even  to  have  reached  any  very  deep-seated  cooling  magma.  Sec- 
ond, European  geologists,  who  have  been  making  very  long  and 
thorough  chemical  studies  of  thermal  waters,  claim  to  be  able  to 
distinguish  among  them,  by  the  relative  permanence  of  their  chemical 
composition  and  degree  of  saturation,  those  which  are  fed  exclusively 
by  cooling  magmas,  or  what  Suess  calls  juvenile  waters,  from  those 
which  are  fed  exclusively  from  meteoric  waters,  or  vadose  springs,  or, 
again,  those  which  are  fed  in  part  from  one  and  in  part  from  the  other 
source. 

5.  Finally,  it  is  generally  admitted  that  the  ores  as  now  found  in 
an  ore  deposit  may  be  the  result  of  a  solution  and  reprecipitation 
many  times  repeated,  each  process  resulting  in  a  concentration  of  its 
metallic  contents.  Most  important  of  these,  from  an  economic  view, 
is  the  secondary  enrichment  by  surface  waters.  This  was  noted  by 
the  writer  in  his  original  report,  as  applied  to  the  oxidized  ores,  but 
it  was  not  then  supposed  to  be  possible  chemically  that  it  might  go 
on  below  the  ground-water  level  in  the  sulphide  zone.  This  has 
recently  been  demonstrated,  however,  by  actual  laboratory  experi- 
ments, and  the  action  is  recognized  as  the  most  important  factor  in 
forming  the  bonanzas  of  exceptionally  rich  deposits. 

PRESENT  VIEWS  OF  GENESIS  OF  LEADVILLE  LIMESTONE  ORES. 

It  may  be  assumed  that  economic  geologists  now  generally  agree, 
without  much  qualification,  that  the  limestone  ores  in  the  Leadville 
district  were  originally  deposited — 

1 .  From  aqueous  solutions. 

2.  In  the  original  form  of  sulphides. 

3.  By  metasomatic  replacement  of  the  country  rock. 

Age. — These  ores  were  deposited  after  the  porphyry  sheets  were 
intruded  and  consolidated,  but  before  the  dynamic  movements  which 
produced  the  great  structural  faults  of  the  region.  Geological  inves- 
tigations made  since  the  original  report  was  prepared  have  led  to  the 
conclusion  that  the  great  preliminary  fault  movement  may  have 
taken  place  at  the  close  of  the  Jurassic  period,  or  previous  to  the 
beginning  of  Cretaceous  sedimentation,  and  inasmuch  as  it  must 
logically  be  assumed  that  the  structural  faulting  in  the  Leadville 
district  was  contemporaneous  with  that  of  the  Mosquito  fault  the 
ores  in  limestone  may  have  been  originally  deposited  in  pre-Creta- 
ceous  time. 
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It  is  further  recognized  that  a  small  amount  of  deformation  of  the 
sedimentary  beds  must  have  taken  place  at  the  time  of  the  intrusion 
of  the  porphyrj^  sheets,  which  produced  some  slight  folding  and 
fracturing  of  these  beds,  and  thus  commenced  the  localization  of  the 
ore  bodies. 

That  there  has  been  movement  in  comparatively  recent  times 
along  the  great  structural  faults,  as  was  originally  stated,  has  now 
been  defmitely  proved.  Underground  exploration  has  shown  that 
the  comparatively  recent  rhyolitic  tuffs  and  agglomerates  are 
much  more  widespread  in  the  district  than  was  indicated  on  the 
original  map.  They  have  cut  through  and  split  important  ore  bodies, 
but  have  apparently  been  confined  to  the  region  around  Breece  Hill, 
and  have  not  affected  the  limestone  deposits  in  the  lower  part  of  the 
district. 

Dwtrihution  of  ore. — It  was  originally  assumed,  on  evidence  then 
available,  that  the  Blue  limestone  was  exceptionally  favorable  to 
the  deposition  and  concentration  of  ore,  but  it  was  also  stated  ^ 
"that  valuable  deposits  are  occasionally  found  elsewhere,  generally 
along  bedding  planes  or  contact  surfaces,  and  less  frequently  on 
jointing  planes." 

Mining  developments  since  that  time  have  shown  that  the  pre- 
dominance of  ore  bodies  along  the  upper  contact  of  the  Blue  lime- 
stones is  by  no  means  so  great  as  was  originally  supposed,  some  of 
the  most  important  ore  shoots  having  been  found  within  its  mass 
at  points  away  from  that  contact,  generally  under  the  sheet  of  Gray 
porphyry,  but  also  within  the  mass  of  the  White  limestone.  These 
are  locally  called  second-  and  third-contact  bodies,  respectively. 
Ore  bodies  also  occur  within  the  Parting  quartzite  and  in  the  upper 
part  of  the  Cambrian  quartzite.  No  important  and  rich  ore  deposits 
have  been  found,  however,  within  the  purely  siHceous  beds  at  the 
lower  part  of  the  Cambrian,  nor  at  the  contact  of  the  latter  with 
the  crystalline  complex  or  Archean,  such  as  J.  Alden  Smith  thought 
would  "be  extensively  and  profitably  worked  for  centuries  aft^r 
the  contact  deposits  now  operated  would  be  exhausted." 

It  should  be  further  remarked  that  the  important  deposits  of 
gold  ores  in  and  adjoining  fissure  veins  in  the  Breece  Hill  region  are 
not  included  in  the  present  discussion,  which  is  confined  to  the 
limestone  ores  treated  of  in  the  original  report,  since  their  genesis  is 
considered  to  be  distinct  and  more  or  less  independent  of  the  latter, 
and  will  be  discussed  at  length  in  the  general  report. 

As  regards  the  areal  distribution  of  the  principal  ore  bodies,  it 
bears  an  evident  connection  with  that  of  the  later  intrusive  or  Gray 
porphyr^^  sheets,  the  details  of  which  can  not  be  finally  worked  out 

a  Second  Ann.  Rept.  U.  S.  Gc  1.  Survey,  1882,  p.  237. 
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until  the  general  geological  map  of  the  district  is  finished.  It  would 
appear  at  present,  however,  that  where  these  intrusive  bodies  have 
distinctly  broken  up  from  below,  across  the  sedimentary  beds,  as 
have  those  that  form  the  mass  of  Breece  and  Dome  hills,  the  ores 
in  limestone  tend  to  form  around  the  periphery  of  such  masses. 

Immediate  source  of  the  metals. — In  considering  the  source  or  origin 
of  the  metallic  contents  of  the  ore  it  seems  well  to  preserve  the  distinc- 
tion originally  made  by  the  writer  between  the  immediate  and  ultimate 
sources,  although  this  distinction  has  been  ignored  by  subsequent 
wTiters.  General  treatises  can  not  go  into  the  minute  details  of 
structure  involved  in  a  consideration  of  the  immediate  source,  but 
nnist  be  confined  to  the  broader  features  in  their  bearing  on  general 
theories.  Moreover,  few,  if  any,  of  their  authors  have  ever  visited 
this  district,  much  less  made  detailed  studies  of  the  geological  rela- 
tioQs  of  its  deposits.  On  the  other  hand,  the  mining  engineers, 
whose  opportunities  of  studying  the  details  of  the  ore  bodies  that 
come  under  their  observation  were  unquestionably  much  superior 
to  those  of  the  writer,  not  being  professional  geologists  and  having 
worked  in  a  relatively  limited  field,  may  not  have  noted  the  bearing 
on  general  theories  of  all  the  geological  facts  that  came  under  their 
observation. 

The  determination  of  the  immediate  source  of  the  ores  is  impor- 
tant, even  though  it  may  not  necessarily  affect  that  of  the  ultimate 
source,  inasmuch  as  it  furnishes  data  of  practical  use  to  the  miner 
in  his  search  for  ore.  Thus,  in  the  present  case,  it  would  appear  that 
the  conception  of  the  authors  of  general  treatises  who  maintain  that 
the  ores  were  brought  in  by  hot  ascending  solutions  from  some  deep- 
seated  source  is  that  in  their  upward  course  these  solutions  were 
stopped  by  a  relatively  impermeable  barrier,  in  this  case  the  over- 
ling porphyry  sheets,  and  hence  spread  out  laterally,  depositing 
their  contents  in  the  limestone  underlying  these  porph^Ties.  In 
such  a  case  one  would  expect  to  find  cracks  or  fissures  extending 
more  or- less  vertically  dowTiward  from  the  respective  ore  bodies 
which  might  have  constituted  the  channels  through  which  the 
solutions  ascended  directly  to  the  porph}Ty  contact. 

On  the  other  hand,  if  the  ore-bearing  solutions,  in  the  latter  part 
of  their  circulation  or  immediately  before  they  deposited  their  con- 
tents in  th^  form  of  the  present  ore  bodies,  were  moving  along  the  con- 
tact planes  between  porphyry  and  limestone,  they  could  react  on  the 
soluble  limestone  from  these  contacts  outward  and  form  ore  bodies, 
either  along  the  immediate  contact  or  at  points  within  its  mass, 
reached  through  cracks  and  joints.  On  this  hypothesis,  if  most  of  the 
contact  ore  bodies  were  found  under  the  poq)h>Ty  sheet,  the  prevail- 
ing course  of  the  ore  solutions  would  have  been  downward,  and  such 
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solutions  might  have  formed  ore  bodies  on  the  upper  contact  of  a 
lower  sheet,  because  that  sheet  presented  a  barrier  to  their  down- 
ward course. 

As  regards  the  ultimate  soiu^ce  of  the  ores,  while  the  former  of  these 
hypotheses  is  more  peculiarly  applicable  to  the  deep-seated  source, 
the  latter  is  not  inconsistent  with  the  derivation  of  the  metals  from 
either  the  barysphere  or  from  igneous  masses  within  limited  dis- 
tances of  the  ore  deposits. 

Leaving  entirely  out  of  consideration,  for  the  moment,  the  question 
of  the  ultimate  source  of  the  metals,  the  evidence  as  to  their  imme- 
diate source  must  first  be  considered,  since,  from  the  wiiter's  point  of 
view,  that  is  the  only  one  really  involved  in  the  criticisms  of  his  origi- 
nal report.  In  favor  of  the  first,  or  what  might  be  called  the  ^'fissure 
hypothesis,"  is  the  discovery  in  recent  years  of  deposits  coining  from 
or  directly  connected  with  vertical  fissures  in  the  Breece  Hill  region, 
which,  however,  according  to  the  writer's  view  were  formed  in  a  dis- 
tinct and  different  manner  from  the  deposits  in  limestone  in  the  lower 
part  of  the  district,  which  are  now  under  consideration.  In  the  latter 
deposits  the  writer  has  been  unable  to  find  evidence  which  seems  to 
him  conclusive  in  favor  of  the  fissure  hypothesis,  or  which  might  not 
be  as  readily  interpreted  in  favor  of  contact  and  stratification  planes 
as  channels  for  the  ore-bearing  solutions.  Cracks  and  broken  or 
fissured  zones  are,  it  is  true,  found  in  connection  with  some  of  the 
limestone  ore  bodies,  especially  with  ore  bodies  that  have  a  decided 
linear  arrangement,  such  as  the  ore  shoots  on  South  Iron  Hill,  de- 
scribed by  Blow.  In  a  broad,  general  way,  these  shoots  lie  in  two 
prominent  or  major  directions — a  northwest-southeast  direction,  which 
prevails  on  Iron  and  Breece  hills,  and  an  east-west  direction,  which  is 
more  prominent  in  the  northwest  portion  of  the  district.  These  ap- 
parently correspond  to  those  of  the  axes  of  slight  folding  and  fractur- 
ing that  took  place  about  the  time  of  the  intrusion  of  the  porph^-ry. 
The  structural  conditions  accompanying  these  fissures  do  not  resemble 
however,  those  connected  with  the  limestone  deposits  of  Rico,  Colo., 
which  may  be  taken  as  the  type  of  those  formed  by  solutions 
that  ascended  through  fissures.  At  Rico  the  feeding  fissures  contain 
well-defined  and  crustified  vein  deposits.  They  end  upward  at  a 
bed  of  impervious  shale  that  overlies  the  limestone,  but  no  limit  in 
depth  has  yet  been  found.  Under  the  shale,  ore  bodies  called  ''blan- 
kets" spread  out  horizontally  in  the  limestone,  following  a  zone  that 
is  at  some  places  brecciated  along  the  general  direction  of  the  fissures. 
It  has  been  generally  assumed  in  this  case  that  the  ores  in  the  blanket 
deposits  were  deposited  by  waters  ascending  along  the  fisures,  but 
Ransome,  who  made  the  latest  and  most  detailed  study  of  the  district, 
thinks  they  are  due  to  the  mingling  of  these  with  solutions  that 
moved  laterally  along  the  blanket  zone. 
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In  the  Leadville  limestone  only  small  cracks  have  been  observed  in 
connection  with  the  ore  bodies.  Many  of  these  cracks  are  traceable 
upward  from  the  tops  of  the  ore  bodies  to  the  overlying  porphyry,  but, 
so  far  as  known  to  the  writer,  do  not  extend  downward  much  below 
the  workable  ore  bodies.  A  similar  conclusion  might  be  drawn  from 
Mr.  Blow's  description  of  the  Iron  Hill  ore  bodies,  for  when  he  proph- 
esies that  their  extension  will  be  found  at  a  lower  horizon,  he  expects 
them  to  go  down  not  vertically  but  transversely  across  the  stratifica- 
tion, and,  as  stated  above,  he  believes  that  the  ore  solutions  entered 
the  limestone  along  the  contacts  of  Gray  porphyry  sheets.  His 
improper  use  of  the  word  '^dike^'  to  denote  crosscut  ting  sheets  has 
given  rise  to  the  idea  that  he  supposed  the  solutions  to  have  risen 
vertically  along  actual  dikes  to  the  present  ore  bodies. 

It  is  evident  that  the  fractures  that  cross  the  limestone  have  played 
an  important  part  in  fixing  the  location  of  ore  bodies  and  in  furnishing 
channels  along  which  the  ore-bearing  solutions  may  pass  from  one 
horizon  to  another,  but  the  general  impression  produced  upon  the 
mind  of  the  writer  has  been  rather  that  they  served  to  divert  or  tem- 
porarily to  arrest  horizontally  moving  solutions  (especially  where,  as 
can  sometimes  be  proved ,  they  are  the  final  result  of  a  strain  that  pro- 
duced folding)  rather  than  afforded  continuous  channels  for  solutions 
moving  directly  upward. 

The  relative  superposition  of  ore  bodies  at  different  horizons  in  a 
given  region  is,  furthermore,  such  as  to  sugge^  that  they  were  formed 
by  solutions  that  circulated  along  contacts  and  bedding  planes,  and, 
incidentally,  in  joints  and  cracks  that  crossed  the  latter,  rather  than 
directly  upward  through  a  common  vertical  fissure  that  fed  a  series  of 
superposed  ore  bodies. 

There  is,  moreover,  an  absence  of  evidence  in  the  mineralogical 
composition  of  the  ores  and  wall  rocks  that  these  ore-bearing  solutions 
had  temperatures  that  were  high  enough  to  render  their  direct  upward 
course  inherently  probable. 

Ultimate  source  of  the  metals. — The  writer  does  not  consider  it 
appropriate  in  this  place  to  go  at  length  into  the  theoretical  question 
of  magmatic  versus  meteoric  waters,  which  has  been  abundantly 
discussed  of  late  in  special  articles  and  treatises,  an  increasing 
importance  being  given  by  many  of  our  best  students  of  ore  deposits 
to  the  agency  of  magmatic  waters  in  the  formation  of  ore  deposits 
which  may  be  genetically  connected  with  igneous  eruptions.  It 
seems  better  to  postpone  the  discussion  of  the  broad  ([uestion  of  the 
ultimate  origin  of  the  metallic  contents  of  the  Leadville  ore  deposits 
until  the  map  of  the  whole  district  shall  have  been  completed  rather 
than  to  attempt  it  in  connection  with  the  present  description  of  a 
comparatively  small  portion  of  the  area,  in  which  the  oxidizing  agents 
have  obscured  much  of  the  evidence.     The  original  contention  that 
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the  ores  are  genetically  connected  with  the  eruptive  rocks  seems 
abundantly  confirmed  and  even  strengthened  by  the  development  of 
the  last  twenty-five  years.  That  their  concentration  in  exceptionally 
rich  bodies  has  come  about  through  the  agency  of  surface  waters  is 
also  confirmed,  and  the  study  of  the  sulphide  bodies  has  shown  that 
this  secondary  enrichment  has  not  been  confined  to  the  oxidized 
zone,  but  has  extended  below  the  ground-water  level.  The  questions 
still  at  issue  are : 

1.  \Vhether  the  sulpliide  ores  were  originally  deposited  as  a  precipi- 
tate exclusively  from  meteoric  or  from  magmatic  waters,  or  in  part 
from  both. 

2.  Whether  the  magmatic  waters,  if  they  were  the  transporting 
agents,  reached  the  present  locus  of  the  deposits  directly  from  below, 
or  whether  they  came  up  along  the  general  channels  that  carried  the 
magma  of  the  intrusive  rocks,  and,  where  this  magma  had  spread  out 
hi  sheets  between  the  sedimentary  strata,  whether  they  followed  in 
general  the  contacts  between  intrusives  and  sedimentaries  or  pene- 
trated the  mass  of  the  latter  along  cracks  and  joints  before  depositing 
their  load. 

3.  Whether  the  deposits,  or  any  part  of  them,  were  formed  by  con- 
tact metamorphism — that  is,  by  waters  emanating  directly  from  the 
cooling  intrusive  bodies,  s([ueezed  out,  as  it  were,  from  the  solidifying 
igneous  mass  into  the  adjoining  sedimentary  beds. 
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GEOLOGY  AND  OIL  RESOURCES  OF  THE  SUMMER- 
LAND  DISTRICT,  SANTA  BARBARA 
COUNTY,  CALIFORNIA. 


By  Ralph  Arnold. 


INTRODUCTION. 

PRELIMINARY  STATEMENT. 

One  of  the  most  novel  and  interesting  sights  along  the  coast  of 
Santa  Barbara  County  is  that  of  the  derricks  marking  the  location 
of  the  oil  wells  which  start  down  from  wharves  over  the  Pacific 
Ocean    at    Summerland.     Mr.    George   II.    Eldridge   examined    this 
territory  in  February  and  March,  1902,  with  the  intention  of  incor- 
porating a  description  of  it  in  his  contemplated  exhaustive  report 
on  the  California  oil  fields;  but  he  died  in  June,  1905,  before  he  had 
written  anything  concerning  this  field  except  a  very  brief  note, 
which  was  published    in  Contributions    to  Economic    Geology   for 
1902.^     Mr.    Eldridge  visited    the    field   during   the   height   ot    its 
development,  and  for  this  reason  was  able  to  obtain  much  valuable 
information   concerning  the  geology  of    the  wells  which  othen^ise 
would  have  been  lost.     The  writer  has  made  free  use  of  this  informa- 
tion in  the  compilation  of  the  contour  map  and  the  sections  accom- 
panying the  present  report. 

During  the  summer  of  1906  the  writer  spent  two  weeks  in  an 
examination  of  the  Summerland  field  and  a  geologic  survey  of  the 
contiguous  region  along  the  coast  from  Santa  Barbara  to  Carpin- 
teria  and  as  far  inland  as  the  crest  of  the  Santa  Ynez  Range.  In  the 
following  pages  the  discussion  of  the  geology  is  based  almost  entirely 
on  the  work  of  the  writer.  The  data  concerning  the  wells  have  been 
obtained  largely  from  Mr.  Eldridge's  notebooks. 

So  far  as  the  development  of  the  present  producing  sands  is  con- 
cerned, the  Summerland  field  lias  imdoubtedly  passed  its  acme. 
However,  so  much  that  is  of  service  in  drawing  conclusions  about 
less  well-developed    fields  is  to  l)e  learned  from  a  study  of    a  fully 

o  BuU.  U.S.  Geol.  Surv«>y  No.  213,  1903,  pp.  313-315. 


Digitized  by  VjOOQIC 


8  GEOLOGY   AND    OIL   OF    SUMMERLAND   DISTRICT,    CAL. 

exploited  territorj^  like  this  that  it  has  been  deemed  expedient  to 
prepare  the  present  more  or  less  detailed  report. 

A  brief  summary  of  the  previous  knowledge  of  the  region,  followed 
by  a  fairly  full  description  of  its  topography  and  geology,  introduces 
the  detailed  discussion  of  the  geology  of  the  wells  and  conclusions 
concerning  future  development.  This  portion  of  the  report  is  fol- 
lowed by  sections  devoted  to  a  discussion  of  the  properties  of  the  oil, 
a  statement  of  production,  and  data  concerned  with  the  technolog}^ 
of  the  industry.  The  descriptions  of  the  geology  and  structure  are 
elucidated  by  photographic  views,  drawings,  and  maps,  and  plates 
showing  the  abundant  or  characteristic  fossils  of  the  various  forma- 
tions supplement  the  lists  in  the  text. 

ACKNOWLEDGMENTS. 

To  Mr.  George  H.  Eldridge  the  writer  is  under  the  greatest  obliga- 
tion for  the  free  use  that  has  been  made  of  notes  and  ideas  concerning 
the  occurrence  of  the  petroleum.  Where  sections  or  direct  state- 
ments are  copied  from  his  notebooks,  the  fact  has  been  so  recorded. 
The  thanks  of  Mr.  Eldridge  to  those  who  furnished  him  with  informa- 
tion would  certainly  have  been  recorded  in  his  report  had  he  lived 
to  write  it,  and  the  present  writer  feels  that  he  is  doing  only  what 
his  predecessor  would  have  done  in  recording  the  names  of  those  to 
whom,  as  indicated  by  his  notes,  he  was  indebted.  These  are  Messrs. 
Snow,  of  the  Occidental  Mining  and  Improvement  Company;  J.  B. 
Treadwell;  G.  F.  Becker;  J.  C.  Lillis,  of  the  Lillis  Oil  Company; 
Thomas  D.  Wood  and  R.  A.  Phelps,  of  the  Duquesne  Oil  Company; 
J.  E.  Sloan,  of  the  North  Star  Oil  Company;  J.  W.  Darling;  C.  C. 
Newman,  of  the  Sea  Cliff  and  Oxnard  oil  companies;  W.  L.  Rust,  of 
the  Sea  Side  Oil  Company;  C.  W.  Robinson;  G.  W.  Woodruff;  J.  H. 
Lund  berg;  B.  N.  Coffman,  of  the  Marine  Oil  Company;  J.  F.  Miller; 
A.  C.  Doane;  and  presumably  several  others  whose  names  do  not 
appear.  In  addition  to  those  mentioned  the  writer  wishes  to  acknowl- 
edge his  indebtedness  to  Messrs.  J.  F.  Goodwin,  of  the  Pinal  Oil  Com- 
pany; W.  D.  Morgan,  of  the  G.  F.  Becker  Oil  Company;  E.  G.  Lud- 
1am,  manager  of  the  Southern  Pacific  Company's  wells;  A.  Sattler, 
manager  of  the  Columbia  Oil  and  Asphalt  Company  of  Carpinteria; 
F.  F.  Fluornoy,  county  surveyor;  and  Dr.  Lorenzo  G.  Yates,  of 
Santa  Barbara.  Dr.  R.  S.  Bassler,  of  the  United  States  National 
Museum,  kindly  prepared  the  plate  and  explanations  of  the  com- 
moner species  of  Bryozoa  found  in  the  Fernando  (Pliocene)  beds  of 
the  district. 

PREVIOUS  KNOWLEDGE  OF  THE  REGION. 

Several  geologists  have  at  one  time  or  another  visited  the  region 
under  discussion,  and  in  the  following  paragraphs  the  writer  has 
attempted  to  give  a  r6sum6  of  the  notes  recorded  by  these  men. 
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Those  statements  which  relate  to  locaHties  in  this  region  not  visited 
by  the  writer,  or  which  are  in  pubHcations  inaccessible  to  most  read- 
ers, are  copied  more  or  less  in  detail.  A  more  complete  bibliography 
of  the  literature  referring  to  the  geology  of  the  southern  coast  ranges 
and  the  oil  industr^^  in  California  will  be  found  in  Bulletin  No.  309  of 
the  United  States  Geological  Survey,  pages  199-202.  The  following 
references  are  arrranged  chronologically: 

1853.  Blake,  W.  P.,  Report  of  a  reconnaissance  and  survey  in 
California,  in  1853."  So  far  as  the  wTiter  is  aware,  W.  P.  Blake, 
one  of  the  geologists  of  the  Pacific  Railroad  survey,  was  the  first  to 
give  any  notes  concerning  the  geology  of  the  region  about  Santa 
Barbara.  According  to  Antisell,*  Blake,  in  describing  the  Santa 
Ynez  Range,  '^puts  forth  the  view  that  all  of  these  strata  fromToint 
Arguello  eastward  have  been  elevated  by  the  mass  of  granite  forming 
the  San  Bernardino  Mountains,  whose  influence  he  believes  to  spread 
thus  far  to  the  west,  and  also  to  have  produced  the  lone  hills  of  the 
desert  and  basin  upon  the  east.^' 

1855.  Trask,  J.  B.,  Report  on  the  geology  of  the  Coast  Mountains, 
etc.^  Trask,  first  State  geologist  of  California,  was  the  next  writer 
to  describe  the  Santa  Barbara  country,  and  he,  too,  adopted  the  same 
view  of  the  origin  of  the  Santa  Ynez  Range  as  Blake,  and  even  went  so 
far  as  to  include  the  range  under  the  name  *'San  Bernardino  Moun- 
tains.*' 

1857.  Antisell,  Thomas,  Santa  Barbara  Mountains.**  Antisell,  in 
his  description  of  the  geology  of  the  Santa  Barbara  Mountains,  was 
the  first  to  call  attention  to  what  is  believed  by  the  writer  to  be  one 
of  the  most  important  points  regarding  them.     He  says:* 

Between  the  disposition  of  the  Sierra  Santa  Ynez  and  that  of  the  more  easterly  coast 
ranges  there  is  this  difference — that  while  the  other  ranges  are  disposed  so  by  virtue 
of  their  axial  forces  running  along  the  direction  of  that  range,  the  Santa  Ynez  Moun- 
tains are  ridges  en  Echelon,  interlocking  with  each  other,  and  runuing  from  east  to 
west. 

This  statement  is  true  more  particularly  for  the  western  portion 
of  the  range,  physiographic  and  structural  axes  being  approximately 
coincident  in  that  part  immediately  back  of  Summerland. 

Antisell  doubtless  was  mistaken  as  to  the  origin  of  one  or  two  of 
the  rocks  he  describes,  but  in  the  main  his  descriptions  of  both  the 
igneous  and  the  sedimentary  rocks  of  the  range  are  correct.  The 
most  interesting  part  of  his  report,  from  the  standpoint  of  one  inter- 
ested in  the  oil  industry,  is  the  chapter  devoted  to  "bituminous 
effusions.''^     In  this  he  describes  the  asphaltum  deposit  on  the  Hill 

a  IIoiiso  Doc.  No.  129  (ndc  Antisell,  1857). 

''  Anti«oll.  Thomas,  I'liciflc  R.  R.  Repta.,  vol.  7,  1857,  p.  06. 

«■  Senate  Doc.  No.  14,  Sacramento,  1855.  95  pp.  (fldo  Antisell). 

d  Pacific  R.  R.  Repts.,  vol.  7,  pt.  2.  1857,  pp.  05-74. 

e  Op.  cit.,  p.  m. 

/  Op.  cit.,  pp.  107-114. 
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ranch,  6  miles  west  of  Santa  Barbara,  and  the  deposit  near  Rincon 
Creek,  east  of  Carpinteria.  lie  failed  to  record  the  occurrence  of  the 
bitummous  sands  where  Summerland  now  is,  or  of  the  deposits  at 
Carpinteria. 

1865.  Whitney,  J.  D.,  Geology  of  the  Coast  Ranges  from  Buena- 
ventura to  Gaviota  Pass."  By  far  the  best  description  of  the  geol- 
ogy of  the  region  about  Santa  Barbara  found  in  any  of  the  older 
publications  is  that  by  Whitney,  the  second  and  last  State  geologist. 
Those  j)ortions  of  his  narrative  which  pertain  to  areas  not  visited  by 
the  writ<3r  will  be  given  in  detail.  The  descriptions  are  given  in  the 
order  in  w^hich  the  localities  were  visited  by  his  party,  which  joumeyetl 
westward  from  Ventura  to  Gaviota  and  thence  northward  across  the 
Santa  Ynez  Mountains. 

From  Ventura  to  Carpinteria  the  strip  of  land  along  the  southern 
face  of  the  mountains  and  between  the  mountains  and  the  shore 
appears  to  be  made  up  entirely  of  bituminous  shales.* 

High  V)luffs  or  steep  hills  skirt  the  coast,  showing  everywhere  inclined  strata,  dip- 
ping from  25°  to  30°  to  the  southwest,  with  a  few  feet  of  horizontal  beds  of  detrital 
material  on  the  top.  The  slates  [shales]  are  interstratified  with  fine-grained  sand- 
stones, and  the  formation  is  undergoing  rapid  denudation  from  the  action  of  the  resist- 
less surf  of  the  Pacific.  The  worn  edges  of  the  strata,  planed  off  and  polished  by  the 
waves,  may  be  seen  for  some  distance  out  from  the  shore  at  low  water.  The  strike  of 
these  rocks  is  here  from  N.  45°  to  55°  W.  No  eruptive  rock  was  seen  here,  and  only  a 
few  granite  bowlders  were  observed  on  the  beach;  but  immense  numbers  of  sandstone 
pebbles  were  seen,  some  of  which  were  quite  fossil  if  erous. 

About  5  miles  southeast  of  Carpinteria  the  rock  presents  exactly  the  appearance  of 
having  had  the  bituminous  matter  burned  out  of  it;  it  assumes  various  colors,  such  as 
bright  re<l,  rose,  brown,  yellow,  and  cream  color,  and  it  appears  to  have  been  partially 
fused  in  some  places.  These  colors  are  made  very  conspicuous  by  the  washing  and 
smoothing  of  the  rocks  by  the  ocean. 

The  slates  [shales]  are  black  and  highly  bituminous  where  the  outcrop  strikes  the 
sea,  3  miles  to  the  southeast  of  Carpinteria,  and  large  quantities  of  tarry  asphaltum 
flow  from  them.  For  a  mile  or  more  along  the  shore  the  banks  abound  in  it,  and  it 
saturates  the  beach  sand  and  flows  down  into  the  sea. 

The  bituminous  shales  and  asphaltum  deposits  in  the  vicinity  of 
Carpinteria  are  then  described,  together  with  a  note  on  the  *S>il 
works"  at  that  place :*^ 

An  establishment  for  distilling  oil  from  the  asphaltum  was  started  shortly  before  the 
time  our  party  visited  the  place  (March,  1861),  but  access  to  it  was  not  allowed  nor 
information  given.  It  is  believed,  however,  to  have  been  a  failure,  both  a«  regards 
the  quality  of  the  oil  produced  and  the  profits  of  obtaining  it. 

These  bituminous  slates  [shales]  extend  along  the  base  of  the  Santa  Ynez  Range  to 
the  west  and  were  explored  by  our  party  as  far  as  the  Ciaviota  Pass,  about  45  miles 
from  Carpinteria;  they  continue  beyond  this,  but,  it  is  said,  not  as  far  as  Point  Con- 
ception. The  general  dip  along  this  line  is  to  the  south;  but  the  strata  are  exceed- 
ingly contorted,  being  bent  and  twisted  into  every  jx)ssible  variety  of  curve.     They 


aGcoI.  Survey  Californin,  CJoology,  vol.  1,  lJMi.5,  pp.  125-i;y^ 
^Op.  dt..  pp.  \2')-\'2i'K 
cOp.  cit..  pp.  ]2'>^\'27. 
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are  also  niotumorphoaed  and  hardened,  and  th<'  variations  of  liardm^ss  and  color,  as 
well  as  the  elaborate  eurvings  of  the  beds,  are  beautifully  displayed  in  the  bmafh  level 
surface  worn  off  by  the  sea,  and  left  visible  at  low  tide.  These  contortions  seeiii  to  be 
limited  to  a  rather  narrow  belt  near  the  shore.  As  we  recede  inland  they  become  less 
conspicuous,  and  the  strata  regain  gradually  their  regular  southern  inclination. 

Hero  follows  a  general  description  of  the  extent  of  the  Santa  Ynez 
Range  and  its  salient  geologic  features,  together  with  a  description 
of  the  hot  springs  northeast  of  Santa  Barbara.  Three  geologic  sec- 
tions elucidate  Whitney's  conception  of  the  geology  of  the  range — one 
extending  across  it  from  the  coast  to  a  point  north  of  Carpinteria, 
another  from  the  coast  to  Santa  Ynez  River  through  Hot  Sulphur 
Springs,  and  a  third  from  a  point  on  the  coast  west  of  Santa  Barbara, 
through  the  Mission,  and  thence  up  toward  the  top  of  the  range. 
Continuing  the  description  of  the  range,  Whitney  says:  ^'Metamorphic 
rock  and  conglomerate  were  seen  on  that  [north]  side,  as  also  serpen- 
tine at  the  north  base  of  the  ridge.''" 

Whitney's  description  of  the  region  west  of  Santa  Barbara^  is  given 
in  its  entirety,  as  it  contains  matter  of  much  historic  interest;  further- 
more, the  wTiter  has  been  over  but  a  small  portion  of  this  country. 

Wherever  the  [Santa  Ynez]  chain  was  examined  to  the  west  of  the  section  last  given 
[northeast-southwest  through  the  Mission],  as  far  as  a  |X)int  a  few  miles  to  the  west  of 
Gaviota  Pass,  the  R)ck  had  always  a  dip  to  the  south,  at  a  high  angle,  the  crest  con- 
sisting of  the  broken  edges  of  the  sandstone,  the  bituminous  slate  [shale]  resting  on  its 
flanks  in  the  foothills,  and  both  formations  appearing  entirely  conformable  with  each 
other. 

The  bituminous  slate  [shale]  is  admirably  exposed  all  along  the  seashore  for  several 
mih^s  to  the  west  of  Santa  Barbara.  At  a  point  1  mile  in  that  direction,  where  the 
shales  were  planed  down  to  the  level  of  the  ocean  and  the  stratification  could  be 
most  beautifully  seen,  the  strike  was  noticed  to  be  N.  79°  E.  and  the  dip  60*^  to  the 
south.  In  some  places  the  slate  [shale]  forms  low  cliffs  by  the  edge  of  the  ocean;  in 
others  it  has  been  deijuded,  and  it  is  now  covered  by  a  more  recent  deposit.  The 
complication  of  the  disturbances  in  these  strata  may  be  well  seen  *  *  *  along  the 
base  of  the  bhiff.  *  *  *  These  disturbances  seem  particularly  common  in  the 
immediate  vicinity  of  Santa  Barbara.  In  s<^)me  localities  the  rock  has  evidently  been 
pn  fire,  and  the  bituminous  matter  having  b<'en  burned  <Kit-  the  operation  continuing 
for  several  years,  as  it  is  said — the  slates  [shales]  are  left  of  various  shades  of  red,  pro- 
duced by  the  oxidation  of  the  iron. 

The  asphaltum,  or  hardened  bituminous  matter,  occurs  in  the  greatest  abundance 
oil  the  shore  at  Hill's  ranch,  about  li  miles  west  of  Santa  Barbara,  and  lies  along  the 
hc*ach  for  a  distance  of  a  mile,  in  large  mas,^es.  The  bituminous  slate  [shale]  is  here 
covered  unconfonuably,  as  at  Santa  Barbara,  by  a  heavy  deposit  of  post-Pliocene  age, 
which  here  attains  a  thickness  of  from  80  to  100  feet.     *    *    * 

The  bituminous  slates  [shales],  which  are  highly  contorted  and  turned  up  on  edge, 
lie  nearly  on  a  level  with  the  ocean.  On  their  edges  rests  a  body  of  soft  arenaceous 
and  loose  gravelly  materials,  sometimes  very  slightly  consolidated,  in  which  are  long 
fissures  filled  with  asphaltum;  this  in  some  cases  has  risen  to  the  surface  of  the  forma- 
tion and  beccmie  accumulated,  in  large  masses,  in  the  overlying  recent  or  alluvial 
formation.  The  gradual  erosion  of  the  cliff  has  ex|K)sc»d  large  masses  of  the  asphaltimi 
which  have  fallen  <Iown  and  accumulated  in  consid(»rable  cjuantity  on  the  beach. 


a  Op.  cjt.,  p.  129.  f'  op.  cit.,  pp.  131-134. 
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*  *  *  This  locality  has,  for  a  long  time,  furnished  all  the  asphaltum  used  for  roofs 
and  pavements  in  San  Francisco,  as  it  lies  most  convenient  to  the  8t»a.  In  1861  this 
material  was  sold  in  the  city  for  $15  per  ton,  the  chief  expense  of  obtaining  it  being 
that  arising  from  the  difficulty  of  getting  it  on  board  the  vessel,  on  a  coast  exposed  to 
the  Pacific  swell.  It  will  be  noticed  that  the  asphaltum  lies  in  the  arenaceous  rock  or 
sandstone,  over  the  bituminous  shales,  from  which  it  was  derived,  and  from  which  it 
has  been  forced  out  probably  by  heat  and  pressure.  Through  the  slater  [shales]  them- 
selves the  bituminous  material  appears  to  be  uniformly  diffused,  and  not  concen- 
trated into  pure  masses.  The  asphaltum,  "as  it  lies  on  the  shore,  is  necc^ssarily  much 
mixed  with  sand;  specimens  selected  as  of  fair  quality  contained  about  60  per  cent 
of  that  material.  No  appearances  of  any  st)ft,  liquid,  or  tarry  matter  were  noticed  at 
this  loctality. 

Extending  westward  from  Hill's  ranch,  the  bituminous  slate  [shale]  occupies  a  strip 
from  1  to  3  miles  wide,  between  the  rugged  Santa  Ynez  Range  and  the  sea.  It  forms 
rounded  liills,  very  green  and  grassy,  the  soil  being  fertile  and  retentive  of  moisture. 
The  junction  of  the  slates  [shales]  and  sandstones  could  be  accurately  traced  on  the 
surface  by  the  character  of  the  soil  and  vegetation,  as  well  as  by  the  form  of  the  hills. 
In  ascending  from  the  sea  toward  the  interior,  the  chaparral,  indicating  a  dry  soil,  is 
first  met  with  on  striking  the  sandstone.  The  ocean  fogs  help  to  supply  this  region 
with  moisture,  and  few  ranches  in  California  ean  equal  in  beauty  and  fertility  those 
situated  on  the  bituminous  slates  [shales]  along  this  part  of  the  coast.  Of  these,  the 
ranches  of  Mr.  Hill  and  Doctor  Denn  (Dos  Pueblos)  and  the  Rancho  El  Capitan  are  the 
most  noted.  At  the  Tortegas  ranch  the  belt  of  slate  [shale]  is  narrower,  appearing  to 
be  about  IJ  miles  wide,  which  width  it  holds  as  far  as  we  traced  it,  to  beyond  the 
Gaviota  Pass.  Throughout  the  whole  of  this  extent  it  has  a  strike  nearly  parallel  with 
that  of  the  chain,  and  everywhere  a  southern  dip,  conformable  to  that  of  the  sandstone 
which  underlies  it.  At  one  locality,  a  short  distance  west  of  camp  20,  in  the  cliffs  at 
the  base  of  the  ranch  called  El  Capitan,  the  swv  has  made  a  section  very  nearly  at 
right  angles  to  the  strike,  and  the  dip  is  seen  to  be  quite  uniform,  being  everywhere 
from  30**  to  40**.  A  portion  without  apparent  break  or  fault  was  mt^asured  along  the 
bluff  on  the  beach,  which  represented  a  perpendicular  thickness  of  about  1,300  feet 
of  slate  [shale].  The  actual  thickness  is,  however,  much  greater,  probably  more  than 
twice  as  great;  but,  owing  to  breaks  and  faults,  this  is  the  greatest  thickness  measured 
in  any  one  place,  where  the  rocks  were  unquestionably  not  folded,  and  where  the 
whole  could  be  minutely  examined.  This  ]X)rtion  of  the  shite  [shale]  seemed  less 
bituminous  than  that  at  Santa  Barbara,  but  still  it  was,  in  places,  highly  charged  with 
this  substance. 

The  last  paragraph  relating  to  the  environs  of  Santa  Barbara 
describes  the  fossihferous  Phocene  and  post-PHocene  deposits  found 
along  the  coast. 

1882.  Peckhani,  S.  F.,  Examination  of  the  bituminous  substances 
occurring  in  southern  California."  No  other  of  the  earlier  writers 
has  taken  a  more  optimistic  view  of  the  oil  industry  of  California  or 
has  more  clearly  foreseen  its  possibilities  or  more  intelHgently 
described  the  surface  occurrence  of  the  bituminous  products  than 
Professor  Peckham.  Here  are  his  opening  paragraplis  in  the  paper 
referred  to  above,  written  in  June,  1866: 

To  speak  seriously  of  the  "oil  interests  of  southern  California"  draws  forth  from  the 
majority  of  the  citizens  of  this  State  a  smile  of  incredulity  or  ridicule.  To  urge  their 
claims  to  consideration  as  a  lield  for  profitable  investment  presents  to  most  men  strong 

a  Gcol.  Survey  California,  Geology,  vol.  2,  Cambridge,  Mass.,  1882,  appendix  F.  pp.  49-W. 
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reasons  for  doubting  your  sanity.  Yet  the  southern  portion  of  this  State  has  veritable 
oil  interests,  which  only  need  the  fostering  care  of  men  of  sound  judgment,  aided  by 
sufficient  means,  to  enable  this  secticm  to  ultimately  furnish  this  entire  Pacific  coast 
with  both  illuminating  and  lubricating  oils,  at  prices  that  will  render  futile  all  competi- 
tion of  eastern  products. 

Such  are  the  facts  as  they  exist  to-day;  but,  at  the  same  time,  with  the  great  mass  of 
this  community,  and,  it  may  be  said,  with  that  of  the  entire  country,  so  far  as  it  has  at 
any  time  received  attention,  this  interest  was  never  more  depresseil  in  commercial 
value  than  at  present.  The  only  reason  that  can  be  assigned  for  such  an  anomalous 
condition  is  the  fact  that  real  merit  has  been  obscured  and  rendered  contemptible  by 
excessive  falsehood  and  exaggeration,  and  that  a  natural  production,  capable  of  profit- 
able development,  has  been  made  an  object  of  distrust  and  suspicion  by  false  defini- 
tions and  spurious  repres(»ntation. 

Farther  on  in  this  paper**  the  asphalt  deposits  and  bituminous 
formation  exposed  east  of  Point  Conception  and  in  the  neighborhood 
of  Bigg's  ranch,  at  Rincon  Point,  are  briefly  described,  and  under  the 
heading  of  "Chemical  investigations,*'*  the  chemical  properties  of  the 
oil  and  asphalt  of  Santa  Barbara,  Ventura,  and  Los  Angeles  counties 
are  carefully  described. 

1884.  Hanks,  Henry  G.,  The  minerals  of  California.''  Mention  is 
made  of  the  Carpinteria  asphalt  deposits  on  page  287  of  this  report. 

1887.  Finch,  W.  W.,  Infusorial  earth  at  Santa  Barbara,  Cal.^  This 
short  paper  consists  of  brief  descriptions  of  the  diatomaceous  deposits 
north  of  Santa  Barbara,  together  with  some  general  information 
concerning  diatoms. 

1888.  Goodyear,  W.  A.,  and  Weber,  A.  H.,  Petroleum,  asphaltum, 
and  natural  gas  in  Santa  Barbara  County.*  This  report  sums  up 
the  development  work  done  in  the  county,  which  includes  wells  put 
do\\Ti  at  Summerland  by  H.  L.  Williams  on  Ortega  Hill,  another  well 
put  down  ten  years  previous  on  the  flat  at  the  foot  of  the  hill,  two 
wells  sunk  by  the  ''Santa  Barbara  Oil  Company"  in  Oil  Canyon  in 
1885,  and  a  well  sunk  8  or  4  miles  north  of  Carpinteria.  In  addition 
there  are  brief  descriptions  of  the  asphaltum  deposits  at  Carpinteria 
and  east  of  Goleta  (Hill's  ranch). 

1890.  Ford,  H.  C,  Solfataras  in  the  vicinity  of  Santa  Barbara/ 
As  this  paper  contains  considerable  data  having  not  only  a  local  but 
a  general  bearing  on  the  subject  of  the  burning  of  the  bituminous 
shales,  and  is  pubHshed  in  a  bulletin  inaccessible  to  most  people  inter- 
ested in  the  subject,  it  has  been  deemed  advisable  to  reproduce  a 
considerable  portion  of  it  here : 

The*  second  group  of  *'tire  w<'lls*'  visited  are  about  three- fourths  of  a  mile  below  a 
point  where  the  Rineon  Creek  enters  the  av^  and  near  the  carriage  road  and  railway 

a  Op.  c;t.,  pp.  5(KoI. 

b  op.  e.t..  pp.  7;m«. 

«•  Fourth  Ann.  Kppt.  California  State  Mineralogist,  1H84,  pp.  l»7-;W7. 

d  Bull.  Santa  Barbara  Soc.  Nut.  Hist.  No.  1,  1887,  pp.  8-11. 

f  Seventh  Ann.  Rept.  California  State  Mineralogist,  1888,  pp.  89-91. 

/  Bull.  Santa  Barbara  Soc.  Nat.  Hist.,  vol.  1,  No.  2,  Octol)er,  1890,  pp.  5.{-50. 
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leading  from  Santa  Barbara  to  Ventura.  Hefore  the  grading  of  the  railway  was  accom- 
plished, the  traveler  by  the  beach  nmd  might  have  noticed  some  peculiar-looking 
rocks  that  had  fallen  from  the  cliffs  above.  The  rocks  appear  to  have  been  originally 
similar  to  those  composing  the  mass  of  the  exposed  portion  of  the  cliff,  which  are 
principally  light-colored  shales,  but  their  character,  l)oth  in  density,  specific  gravity, 
and  color,  has  been  altered  by  the  action  of  mineral  gasi^s  and  great  heat.  Nearly  all 
shades  of  red,  yellow,  and  brown,  and  in  some  cases  green,  are  colors  represented.  The 
intensity  of  the  heat  at  some  former  period  seems  to  have  contracted  the  strata  through 
semifusion  until  it  is  excessively  hard  and  gives  a  metallic  ring  when  stnick  with  a 
hammer. 

'Reaching  by  an  easy  path  a  point  about  300  feet  above  the  base  of  the  cliff,  I  was 
at  once  aware  of  the  near  existence  of  the  "solfatara,"  or  so-called  "  Rincon  volcano,'^ 
by  the  same  exceedingly  disagreeable  odors  that  were  noted  in  the  Santa  Ynez  issue. 

Descending  20  or  30  feet,  I  found  hot  gas(s  bursting  from  numerous  apertures  in 
the  shales,  accompanied  in  some  cases  by  melted  bitumen  that  hardened  in  concre- 
tionary' masses  upon  cooling.  The  dip  of  the  strata  was  at  an  angle  of  50*^  toward  the 
mountain.  Crystals  of  sulphur  had  also  formed  upon  all  objects  near  the  issue,  and 
naphtha  appeared  to  be  present.  A  few  years  ago  a  tunnel  was  run  into  the  cliff  at 
its  base*  fo  the  depth  of  200  feet  in  search  of  oil.  At  this  depth  the  workmen  were 
obliged  to  cease  operations  in  their  endeavor  to  penetrate  farther  on  account  of  the 
great  heat.  I'pon  entering  this  tunnel  I  found  the  temperature  still  high,  but  noticed 
only  weak  sulphurous  gases.  Near  the  entrance  for  50  or  60  feet  the  roof  and  sid(»s 
were  thickly  covered  with  attenuated  colorless  crystals  of  epsomite  hanging  in  tiifta 
and  masses. 

During  the  cooler  months,  as  at  the  Santa  Ynez  locality,  the  gases  arising  from  the 
principal  orifices  are  seen  from  distant  points,  and  the  issue  of  so  much  smoke  and 
accompanying  heat  has  given  rise  to  a  popular  idea  that  it  is  due  to  volcanic  action. 
The  local  journals  have  from  time  to  time  given  voice  to  this  idea,  and  the  frequency 
of  earthquake  shocks  in  the  neighborhood  has  been  attributed  to  the  struggling  efforts 
of  the  ** Rincon  volcano."  When  the  excavations  of  the  Southern  Pacific  Railway 
were  made  at  a  point  a  mile  farther  west  from  the  locality  just  described,  a  similar 
issue  was  discovered,  and  upon  touching  a  match  to  the  gas  combustion  ensued  and 
continued,  notwithstanding  vigon^us  efforts  were  made  to  extinguish  it.  The  fumes 
caused  much  annoyance  to  the  laborers,  and  not  until  massis  of  earth  were  dumped 
over  the  orifice  did  it  cease  to  burn. 

During  the  summer  of  1888  Mr.  Richardson,  who  resides  a  short  distance  below  the 
Rincon  '*fire  wells,''  was  startled  by  loud  reports  in  their  direction,  and  upon  visit- 
ing the  locality  observed  flames  issuing  to  the  height  of  several  feet  from  the  apertures. 
Parties  from  Santa  Barbara  visited  the  spot  upon  hearing  of  this  outburst  and  con- 
firmed Mr.  Richardson's  observations. 

Apparently  there  have  been  periods  of  great  activity,  followed  by  long  intervals  of 
comparative  rest.  The  partially  fused  rocks,  with  their  altered  color  and  density, 
would  indicate  a  period  of  greater  intensity  of  heat  than  at  present  prevails. 

1894.  Fairbanks,  H.  W.,  Geology  of  northern  Ventura,  Santa 
Barbara,  San  Luis  Obispo,  Monterey,  and  San  Benito  counties.** 
This  description  of  the  general  geologic  features  of  the  southern 
Coast  Ranges  is  the  most  comprehensive  one  yet  published.  The 
statement  is  made  on  page  501  that  the  main  portion  of  the  Santa 
Ynez  Range  is  Miocene.  This  is  certainly  not  true  for  those  portions 
examined  by  the  writer,  as  in  the  region  north  of  Summerland  and 

a  Twelfth  Ann.  Kept.  Oilifomiu  St«tc  Mining  Bureau,  1894,  pp.  493-526, 
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Santa  Barbara  the  range  is  largely  Eocene  (Topatopa).  The  asphal- 
tum  and  petroleum  deposits  of  Santa  Barbara  and  vicinity  are  men- 
tioned on  pages  31  and  357,  respectively,  oi  the  same  report.  On 
the  latter  page  is  a  description  of  the  Occidental  wells  and  the  Santa 
Monica  Oil  Company's  wells  north  of  Summerland. 

1897.  Watts,  W.  L.,  Oil  and  gas  yielding  formations  of  Los  Angeles, 
Ventura,  and  Santa  Barbara  counties."  In  part  3  of  this  report, 
devoted  to  the  region  between  Santa  Paula,  Ventura  County,  and 
Summerland,  Santa  Barbara  County,  Watts  describes  the  Puitta 
Gorda  asphalt  mine  east  of  Rincon  Creek;  the  Las  Conchas  mine 
and  asphaltum  works  and  the  Higgins  well  at  Carpinteria;  the 
Fischer  oil  wells  at  Loon  Point,  near  Ortega  station;  the  Occidental 
oil  wells,  5  miles  northeast  of  Summerland;  the  Santa  Monica  Oil 
Company's  wells,  2  miles  north  of  Carpinteria,  and  the  oil  wells  at 
Summerland  belonging  to  H.  L.  Williams;  Darling  &  Turner;  Ala- 
meda and  Santa  Barbara  Development  Company;  Bachus  &  Cra- 
vens; Cole;  Dewlaney;  Doulton  &  Wilson;  Forester  &  Treadwell; 
Loomis;  Moore;  Stevens  &  Roberts;  and  Darling  Brothers;  also  the 
Cone  gas  wells.  In  addition  to  the  above  there  is  a  brief  description 
and  r6sum6  of  the  geologic  formations  and  a  geologic  sketch  map  of 
the  field. 

1900.  Watts,  W.  L.,  Oil  and  gas  yielding  formations  of  California.* 
In  chapter  1  of  part  d,  which  is  devoted  to  the  Summerland  oil  field 
and  productive  wells  in  Santa  Barbara  County,  Watts  describes  the 
development  which  had  taken  place  since  the  time  of  his  previous 
visit  in  1895,  together  with  some  general  observations  concerning 
the  geology  of  the  wells,  value  of  the  oil,  etc.,  and  includes  a  list  of 
the  oil  producers  and 'wharf  owners  at  Summerland.     Under  the 
heading  ''Prospect  wells  in  Santa  Barbara  County"  the  following 
wells,  found  within  the  Summerland  district,  are  mentioned:  A  ctic 
Oil  Company's  wells  Nos.  1  and  2,  7  miles  south  of  Rincon  C'eek, 
and  No.  3,  IJ  miles  east  of  Carpinteria;    Dcnn  ranch  wells,  3  miles 
west  of  Goleta;   J.  Heath's  well,  near  mouth  of  Rincon  Creek;    Illi- 
nois Oil  and  Asphalt  Company's  well  at  Montecito;    Robins(>n  well, 
near  Serena;   Santa  Barbara  and  Naples  Oil  and  Development  Com- 
pany's well,  15  miles  west  of  Santa  Barbara;   Stevens,  Clark  &  Dun- 
can well,  at  Loon  Point;  and  the  Treadwell  well,  between  Loon  Point 
and  Serena.     Some  distillation  tests  of  the  Summerland  oil  are  given 
on  page  203  of  the  report.     (See  table  on  page  63  of  this  bulletin.) 

1901.  Eldridge,  George  H.,  The  asphalt  and  bituminous  rock 
deposits  of  the  United  States.*^  The  general  geologic  features  and  the 
asphalt  deposits  of  the  region  from  Gaviota.to  Punta  Gorda  are 

a  Bull.  California  State  Mining  Buivau  No.  11.  1H97.  94  pp..  3:.  figs. 

f>  Ibid.,  No.  19.  irOO.  230  pp..  35  fiKs..  13  maps. 

<•  Twenty-second  .\nn.  Kept.  1'   .S.  rjpol.  .Survey,  pt.  1,  liKJl.  pp.  209-4^2.  pis.  2.V">3,  figs.  1-52. 

17H3— Bull.  321— Q7 2 


Digitized  by  VjOOQIC 


16  GEOLOGY   AND   OIL   OF    SUMMERLAND   DISTRICT,   CAL. 

described  by  Eldridge  in  this  report,  pages  439  to  446.  The  deposits 
in  the  vicinity  of  Gaviota,  Mores  Landing  (La  Patera  mine),  Carpin- 
teria  (Las  Conchas  quarry),  and  Punta  Gorda  are  treated  in  detail, 
the  text  being  supplemented  by  many  fine  illustrations. 

1902.  Arnold,  Delos  and  Ralph,  The  marine  Pliocene  and  Pleisto- 
cene stratigraphy  of  the  coast  of  southern  California."  In  this  paper 
the  Packards  Hill  and  Bath-house  Beach  beds  are  briefly,  described 
and  correlated  with  similar  beds  at  other  points  along  the  coast. 

^1903.  Eldridge,  George  H.,  Petroleum  fields  of  California.^  A  sec- 
tion of  this  summary  report  (pages  313-315)  is  devoted  to  a  descrip- 
tion of  the  Summerland  field.  The  conclusions  reached  by  the  writer 
agree  in  the  main  with  those  expressed  by  Eldridge  in  this  report. 

1903.  Arnold,  Ralph,  The  paleontology  and  stratigraphy  of  the 
marine  Pliocene  and  Pleistocene  of  San  Pedro,  Cal.^  On  pages  50  to 
54  of  this  paper  the  wTiter  describes  the  Pliocene  and  Pleistocene 
deposits  in  the  vicinity  of  Santa  Barbara  in  more  or  less  detail,  sup- 
plementing the  notes  on  the  geology  by  lists  of  the  species  of  f(issils. 
(See  p.  32.) 

1904.  Prutzman,  Paul  W.,  Production  and  use  of  petroleum  in 
Calirornia.*'  In  this  valuable  paper  Prutzman  devotes  a  brief  sec- 
tion to  a  description  of  the  Summerland  field,  together  with  a  sta- 
tistical table  of  the  number  of  producing  wells,  etc.,  in  December,  1903. 
References  to  the  refinery  at  Summerland  and  to  the  physical  and 
chemical  properties  and  uses  of  the  oil  found  there  are  included  in  the 
body  of  the  report. 

HISTORICAL  OUTLINE.e 

The  first  oil  well  in  the  Summerland  field  of  which  we  have  any 
record  was  sunk  on  the  flat  one-fourth  mile  east  of  Ortega  Hill  about 
1877.^  Tliis  well  is  said  to  have  penetrated  to  a  depth  of  about  180 
feet  and  to  have  encountered  quicksand  with  oil.  It  was  never  oper- 
ated. About  ten  years  later  (1887)  H.  L.  Williams  sunk  two  wells, 
one  455  feet  deep,  on  Ortega  Hill.  These  penetrated  two  oil  sands. 
In  1891  Darling  Brothers  drilled  a  well  about  1,200  feet  northwest  of 
the  Summerland  station  and  obtained  a  flow  of  gas  under  an  8-pound 
pressure  sufficient  to  supply  17  families  with  fuel.  A  year  later  the 
same  men  sunk  another  well  in  the  same  vicinit}^  and  obtained  similar 
results.  Sometime  previous  to  1895  two  gas  wells,  known  as  the 
Cone  wells,  were  sunk  in  the  northwestern  part  of  Summerland. 
Between  1891  and  1895  there  was  considerable  activity  in  the  field, 

a  Joui    Geol.,  vol.  10.,  No.  2.  1902,  pp.  ia4-i;i5. 

h  In  Contributions  to  Economic  (ioology  for  UK)2:  Hull.  T^  S.  (Jcol.  Survey  No.  2i;i,  VM\,  pp.  :<n(-:{21. 
fMcm.  California  .Vcad.  Sci.,  vol.  .'{.  ino.i.  420  pp..  .i?  pis. 

d  Bull.  California  State  Mining  Bun-au  No.  ;i2.  \sm.  2;«  pp..  21>  table.s.  «i4  half-toiirs.  .')4  figs. 
f  Most  of  the  historical  datH  here  rei-orded  have  Iummi  gleaned  from  Watts  s  two  reports  <>ii  this  field 
in  Bulletins  Nos.  11  and  19  of  the  California  State  Mining  Bun't;u.     (See  p.  l'>.) 
/Seventh  Ann*.  Kept.  California  State  Mining  Bure^iu,  1888,  p.  90. 
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and  by  the  end  of  the  latter  year  there  were  28  productive  wells, 
which  produced  16,904  barrels  of  oil  in  1895.  Up  to  this  time  the 
development  was  confines!  mostly  to  the  terrace  on  which  the  town  of 
Summerland  is  located,  although  Mr.  Williams  had  three  wells  on  the 
beach  at^the  west  end  of  the  town. 

Stimulated  by  the.  success  of  the  wells  previously  drilled,  and  doubt- 
Jess  guided  somewhat  by  the  suggestions  offered  by  Watts  in  Bulletin 
No.  11,  the  development  in  1896  began  along  the  beach  and  finally 
extended  out  toward  the  ocean,  the  wells  being  drilled  from  wharves 
built  out  over  the  water. 

In  June,  1900,  there  were  at  Summerland  305  producing  wells,  59  abandoned  wells, 
and  15  well  sites  at  which  drilling  operations  had  been  commenced.  These  wells 
yield  from  1  to  60  barrels  of  oil  a  day,  the  average  yield  being  5  barrels  a  day.  The 
value  of  the  oil  in  1899  was  90  cents  a  barrel  f .  o.  b.  at  Summerland.  The  cost  of  pro- 
duction is  said  to  range  from  25  to  35  cents  a  barrel." 

There  were  22  companies  operating  and  12  wharves  in  use  in  1899. 

Db/elopment  continued  up  to  about  1901  or  1902,  at  which  time 
there  were  still  about  20  companies  in  the  field.  Since  1902,  owing 
to  certain  adverse  conditions  of  price  and  marketing,  the  field  has 
been  declining.  At  the  end  of  1903^  there  were  198  producing 
wells,  114  not  producing,  and"  100  abandoned.  The  approximate 
price  per  barrel  at  that  time  was  80  cents.  At  the  present  time  (Octo- 
ber, 1906)  there  are  189  producing  wells  out  of  the  412  which  at  one 
time  or  another  have  been  drilled  in  this  field.  The  companies  still 
operating,  14  in  number,  are  listed  on  page  67. 

T^OCATION. 

The  Summerland  oil  district  is  situated  in  Santa  Barbara  County, 
on  the  coast  of  California,  between  80  and  90  miles  west-northwest 
of  Los  Angeles  and  about  350  miles  southeast  of  San  Francisco. 
(See  fig.  1.)  The  region  mapped  comprises  an  area  of  about  52 
square  miles,  in  the  shape  of  a  rectangle  13  miles  in  extent  east  and 
west  along  the  shore  by  about  4  miles  in  width  north  and  south.  It 
includes  at  its  west  end  the  city  of  Santa  Barbara  (population  6,587  in 
1900),  one  of  the  oldest  settlements  in  California,  which  lies  at  34°  25' 
north  latitude  and  119°  42'  west  longitude.  The  district  is  reached 
by  the  Coast  division  of  the  Southern  Pacific  Railroad,  which  here 
follows  the  coast,  and  by  vessels  which  touch  at  the  port  of  Santa 
Barbara.  The  town  of  Summerland,  at  which  the  only  productive 
oil  field  so  far  developed  in  the  district  is  situated,  lies  nearly  6  miles 
east  of  Santa  Barbara. 


a  Bull.  California  State  Mining  Bureau  No.  19,  1900.  p.  1(W. 
b  Bull.  California  State  Mining  Bumiu  No.  .«,  1904,  p.  X'. 
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TOPOGRAPHY. 

The  Santa  Ynez  Mountains,  which  extend  for  over  60  miles  from 
Ventura  Hiver  to  Point  Conception,  are  the  dominant  topographic 
feature  of  the  region.  (See  PI.  I.)  These  mountains  are  part  of 
the  east-west  system  of  ranges  which  prevails  in  the  region  south 
of  the  upper  end  of  the   great  interior  vallej^  of    California,   and 


Fig, 


-Index  map  of  a  portion  of  southern  California,  showing  location  of  district  described  in  this 
bulletin  and  of  the  other  important  producing  districts  of  the  State. 


determines  the  trend  of  the  coast  along  this  part  of  the  State. 
They  terminate  between  Points  Conception  and  Arguello,  the  two 
salients  about  which  the  coast  bends  abruptly  from  an  east-west  to  a 
north-south  trend.  The  mapped  area  embraces  the  south  flank  of 
that  portion  of  the  range  lying  back  of  Summerland  and  Santa 
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TOPOGRAPHY.  19 

Barbara.  The  mountains  present  a  bold,  rugged  front  and  a  more 
or  less  serrate  crest,  the  variation  in  altitude  along  the  summit  being 
from  3,300  to  nearly  4,000  feet.  La  Cumbre  Peak,  elevation  3,985 
feet,  5  miles  north  of  Santa  Barbara,  is  the  highest  point  in  the  region. 
Many  canyons  cut  the  range  at  right  angles;  these  are  steep  and 
narrow  and  in  many  places  toward  their  heads  have  precipitous  sides. 
They  usually  drain  cirque-like  basins  which  lie  close  to  the  axis  of  the 
main  ridge.  Streams  flow  from  the  larger  canyons  and  debouch  over 
alluvial  fans  onto  the  sloping  terrace  which  skirts  the  coast.  In  the 
summer  these  streams  are  comparatively  small,  but  during  the  rainy 
season  they  sometimes  assiune  torrential  proportions  and  carry 
bowlders  of  enormous  size  out  onto  the  lowlands  for  distances  of  over 
a  mile.  The  vegetation  of  the  mountains  is  confined  largely  to  dense 
growths  of  chaparral  and  other  brush,  with  sycamores  and  alders  in 
the  canyons.  Live  oaks  are  found  over  the  lowlands  in  places, 
especially  in  the  vicinity  of  Montecito. 

Back  of  both  Siunmerland  and  Santa  Barbara,  between  the  moun- 
tains and  the  sea,  are  long  comparatively  flat-topped  hills  which  rise 
to  elevations  of  600  to  1,100  feet.  These  ridges,  and  the  long,  low 
knolls  which  lie  in  the  Montecito  Valley  between  them,  are  doubtless 
blocks  which  have  been  faulted  up  relative  to  the  region  on  their 
north.  Their  north  sides,  coin<3iding  with  the  fault  zone,  are  steep, 
while  their  south  slopes  are  more  gentle. 

Mission  Ridge,  back  of  Santa  Barbara,  and  the  eastward  continua- 
tion of  this  ridge  beyond  Sycamore  Canyon,  show  marked  evidence 
of  terracing.  These  terraces,  which  are  of  marine  origin,  have  been 
subjected  to  differential  uplift  since  their  formation,  as  is  indicated 
by  their  varying  elevations  at  different  points.  The  highest  terrace, 
represented  by  the  top  of  the  ridge,  is  about  850  feet  above  sea  level 
in  its  western  portion,  but  immediately  west  of  Sycamore  Canyon  it 
is  only  a  little  more  than  750  feet;  just  south  of  the  canyon  the  highest 
remnant  of  the  same  terrace  lies  at  666  feet,  and  this  slopes  off  to  a 
little  more  than  550  feet  west  of  Montecito.  This  change  in  eleva- 
tion of  approximately  300  feet  takes  place  in  about  24  miles.  On 
the  south  side  of  Mission  Ridge  there  are  remnants  of  old  terraces  at 
elevations  of  600  feet  at  the  west  end  and  650  feet  at  the  east  end. 
Traces  of  terraces  can  be  seen,  at  elevations  of  250  to  300  feet,  south 
of  Sycamore  Canyon.  There  are  also  evidences  of  terraces  in  the  hills 
back  of  Sunamerland  and  Serena,  but  none  as  marked  as  those  on 
Mission  Ridge. 

The  lowland  along  the  coast  represents  an  old  terrace  which  is  in 
large  ^art  of  marine  origin.     The  terrace,  or  possibly  terraces,  for  • 
there  is  no  direct  connection  between  some  of  the  isolated  flats, 
varies  in  elevation  from  sea  level  to  over  150  feet — the  latter  being 
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near  the  light-house  2  miles  southwest  of  Santa  Barbara.  Ortega 
Hill  and  the  little  hill  southwest  of  Ortega  station  (see  PI.  II,  A)  are 
local  elevations,  due,  at  least  in  part,  to  differential  elevation  of 
the  terrace  along  lines  coincident  with  anticlinal  axes.  The  surfaces 
of  these  old  terraces,  and  also  nearly  the  whole  surface  of  the  region 
adjacent  to  the  b.ase  of  the  Santa  Ynez  Mountains,  are  covered  b}' 
detrital  deposits,  more  or  less  waterworn  (see  PI.  II,  B).  These  are 
discussed  under  the  heading  '* Pleistocene  deposits"  on  pages  33-3.5. 

Estuarine  conditions  are  prevalent  along  the  coast  east  of  Santa 
Barbara  and  west  of  Carpinteria,  and  indicate  local  subsidence  coin- 
cident in  time  with  the  elevation  which  has  taken  place  over  most 
of  the  coastal  belt. 

The  valley  in  which  the  city  of  Santa  Barbara  is  located  is  broad, 
and  slopes  gradually  back  from  the  ocean  toward  the  north  and  w^est. 
The  depression  is  due  largely  to  structural  causes,  although  erosion 
has  played  some  part  in  the  development  of  its  minor  features.  The 
hills  bounding  this  valley  on  the  west  are  composed  of  soft  Pliocene 
sediments  which  have  been  faulted  into  their  present  elevated  posi- 
tion, the  fault  line  probably  being  coincident  with  their  northeastern 
base. 

The  local  relief  in  the  group  of  hills  back  of  Summerland  has  been 
due  in  a  measure  to  the  composition  of  the  exposed  formations,  and 
follows  in  a  general  way  the  strike  of  the  rocks,  which  is  here  north- 
west and  southeast.  The  terrace  on  which  Summerland  is  situated  is 
a  quarter  of  a  mile  wide  and  from  30  to  60  feet  in  elevation,  and 
slopes  gently  from  the  hills  to  its  western  boundary,  a  sea  cliff.  (See 
PI.  II,  A)   * 

Drainage  lines,  such  as  San  Roque  Creek,  Sycamore  C  myon,  and 
Toro  Canyon,  which  cut  directly  through  the  outer  hills,  were  in 
existence  before  the  movements  which  produced  the  salient  local 
topographic  features  took  place. 
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A.     SUMMERLAND  FIELD.     FROM  ORTEGA  HILL.  LOOKING  SOUTH. 

Showing  general  configuration  of  coast,  terrace  on  which  Sunnnnerland  and  some  of  the  wells  are 
situated,  and  location  and  relative  lengths  of  the  various  wharves. 


B      PLEISTOCENE  BEDS  IN  RAILROAD  CUT  WEST  OF  SUMMERLAND.     LOOKING  NORTH. 

Dark  sandstone  at  base  is  heavily  charged  with  asphalturn  derived  from  overturned  oil-bearing 
Fernando  beds  below. 
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OKOTiOGIC  F<>U>LV1'H)NS. 
GENERAL  STATEMENT. 

The  formations  involved  in  the  geology  of  the  Summerland  district 
are  9,000zfc  feet  of  conglomerate,  sandstone,  and  shale  of  the  Topatopa 
(Eocene);  4,300dz  feet  of  conglomerate,  sandstone,  and  shale  of  the 
Sespe  (Eocene  or  Oligocene);  2,400db  feet  of  sandstone  and  shale  of 
the  Vaqueros  (lower  Miocene) ;  1,900+  feet  of  shale  and  volcanic  ash 
of  the  Monterey  (middle  Miocene);  1,000+  feet  of  conglomerate, 
sandstone,  and  clay  shale  of  the  Fernando  (upper  Miocene-Pliocene); 
and  50+  feet  of  gravel,  sand,  and  clay  of  the  Pleistocene — in  all, 
18,650ifc  feet  of  sediments,  practically  all  of  Tertiary  age.  Uncon- 
formities occur  between  the  Monterey  and  Fernando  formations  and 
between  the  latter  and  the  Pleistocene.  Reference  to  the  geologic 
and  structural  map  (PI.  I,  p.  18)  will  elucidate  many  pf  the  points  in 
the  descriptions  of  the  formations  which  follow. 

TftUalire  correlation  of  formations  of  Suvwierland  district  with  the  standard  ('alfnmia 
Coast  Range  and  Santa  Clara  ]'allei/  sections. 
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TOPATOPA  FORMATION. 

Name. — The  name  Topatopa  was  given  by  Eldridge**  to  a  formation 
of  conglomerate,  sandstone,  quartzite,  and  shale  exposed  in  the  Topa- 
topa Range  north  of  the  Santa  Clara  Valley,  Ventura  County,  about 
30  miles  east  of  the  Summerland  district.  As  the  deposits  thus 
described  are  directly  traceable  into  a  similar  series  occurring  in  the 
Santa  Ynez  Range  in  this  district,  Eldridge^s  name  has  been  employed 
to  designate  the  latter  formation. 

Lithologic  character. — Four  zones,  the  upper  three  each  approx- 
imately 2,500  feet  in  thickness,  the  lowest  at  least  1,200  feet  thick,  are 
recognizable  in  the  Topatopa  formation  north  of  Summerland.  The 
lowest  zone  is  predominatingly  dark-drab  to  greenish  shale,  generally 
thin  bedded,  with  varying  amounts  of  yellowish,  grayish,  and. drab 
intcrbedded  sandstone.  The  sandstone  layers  range  in  thickness 
from  a  fraction*  of  an  inch  to  several  feet  and  in  grain  from  fine  to 
pebbly.  The  sand  grains  are  largely  quartzitic  and  the  pebbles  gra- 
nitic, as  they  are  also  throughout  the  remainder  of  this  and  the  succeed- 
ing (Sespe)  formation.  The  shall?  contains  some  carbonaceous 
material,  scattered  fish  integuments,  and  what  are  supposed  to  be 
ostracods. 

The  second  zone  is  similar  to  the  first  except  that  m  the  second  the 
sandstones  are  relatively  much  more  important  than  the  shales,  some 
of  the  sandstone  beds  approaching  25  or  50  feet  in  thickness. 

Above  this  sandstone  zone  is  a  very  prominent  band  of  dark-gray 
to  greenish  thin-bedded  shale,  which,  owing  to  its  soft  composition, 
forms  a  swale  in  all  the  ridges  running  down  from  the  crest  of  the 
range  for  many  miles  along  its  front.  Some  decidedly  calcareous 
beds  are  associated  mth  the  shale,  as  are  also  some  thin  beds  of  sandy 
material.  Many  tar  springs  occur  in  the  shale  about  the  region  of 
Toro  and  Oil  canyons,  and  in  it  the  wells  of  the  Occidental  Oil  Com- 
pany, in  the  latter  canyon,  described  on  page  55,  were  drilled. 

The  uppermost  zone  of  the  Topatopa  consists  largely  of  hard  sand- 
stone and  conglomerate,  with  here  and  there  more  or  less  prominent 
belts  of  gray  shale,  and  is  sparingly  fossiliferous  throughout.  The 
sandstone  beds  vary  in  thickness  from  a  few  inches  to  50  or  60  feet, 
the  thicker  beds  appearing  near  the  stratigraphic  top  of  the  series, 
toward  the  foot  of  the  steep  slopes.  A  row  of  prominent  knobs  on 
the  transverse  ridges  of  the  south  face  of  the  range  (immediately  in 
front  of  the  swales  described  as  being  weathered  out  of  the  shale)  are 
determined  by  the  position  of  the  hard  sandstone  beds  at  the  base  of 
this  uppermost  member  of  the  Topatopa. 

Some  very  good  building  stone  is  obtained  from  the  Topatopa  for- 
mation near  the  base  of  the  mountains  and  also  from  bowlders  of  the 
same  rock  found  on  the  detrital  slopes  south  of  them. 


a  BuU.  U.  S.  Geol.  Survey  No.  309, 1907,  p.  6. 
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Age  and  fossils, —The  age  of  the  Topatopa  formation  is  Eocene,  as 
shown  by  characteristic  fossils  found  in  it  both  in  the  type  locality 
and  in  the  region  of  Santa  Barbara.  Many  fossiliferous  layers  occur 
throughout  the  upper  sandstone  member  of  the  formation,  but  most 
of  these  contain  only  poorly  preserved  oysters.  However,  at  one 
locality  on  the  La  Cumbre  trail,  on  the  ridge  between  Rattlesnake 
and  Sycamore  canyons,  north  of  Santa  Barbara,  the  writer  collected 
the  following  fauna  from  the  sandstone  about  1 ,000  feet  stratigraphi- 
eally  below  the  top  of  the  Topatopa  formation : 

Eocene  fosfils  from  the  Topatopa  formation  on  the  ridge  between  Rattlesnake  and  Syca- 
more canyons,  Santa  Barbara y  Cat. 

Cardium  brewerii  Gabb  (Young)  (PI.  IX,  Meretrix  sp.  indet. 

fig.  5).  Modiolus  ornatus  Gabb  (PI.  X,  fig.  4). 

Galerus  excentricus  Gabb  (PI.  X,  figs.  3a  Ostrea  idriaensis  Gabb  (PI.  IX.  fig.  2). 

and  3b).  Phacoidc^  cretacea  Gabb  (PI   IX,  fig.  4). 

Ledagabbi  Conrad  (PI.  X,  fig.  1).  Phacoides  sp.  (small,  gibbous). 

Mactra   near    ashburneri  Gabb   (PI.   X,  Spirocrypta  pileum  Gabb  (PI.  X,  figs.  8, 

fig.  6).  9a,  and  9b). 

Meretrix  uvasana  Conrad  (PI.  IX,  fig.  1 ;  Thracia  (?)  sp. 

PI.  X,  fig.  5).  ;  Turritella  uvasana  (^onrad  (PI.  X,  fig.  7). 

Distribviion  and  structure, — The  Topatopa  formation  occupies  the 
whole  front  of  the  Santa  Ynez  Mountains  from  the  region  of  the  Ojai 
Valley  at  least  as  far  west  as  Santa  Barbara.  In  the  region  north 
of  the  Ojai  Valley  it  forms  the  heart  of  a  great  anticline  overturned 
toward  the  south;  farther  west,  in  the  region  of  Chismahoo  Moun- 
tain, the  same  anticline  is  normal ;  but  still  farther  west,  in  the  region 
back  of  Sunamerland  and  Carpinteria,  the  anticline  is  again  over- 
turned toward  the  south  and  the  beds,  from  the  foot  to  the  summit 
of  the  range,  all  dip  northward  at  angles  varying  from  40**  to  90**,  the 
youngest  apparently  being  at  the  bottom  of  the  series.  Northeast 
of  Summerland  and  north  of  Carpinteria  a  long,  narrow  block  of 
uppermost  Topatopa  sandstone  and  shale,  dipping  steeply  to  the 
south,  is  thrown  up  on  the  south  side  of  a  prominent  east-west  fault. 

Evidences  of  petroleum, — The  Topatopa  is  petroliferous  in  the  type 
locality  in  the  Sespe  region,  and,  as  previously  mentioned,  tar  springs 
are  found  in  the  upper  shale  member  of  the  formation  in  Oil  and  Toro 
canyons.  Furthermore,  wells  put  down  in  the  vicinity  of  these  last- 
mentioned  springs  have  yielded  some  14**  to  17**  oil.  Besides  these 
occurrences,  oil  seepages  are  said  to  occur  in  the  Topatopa  brown 
sandstones  and  shales  in  the  canyon  of  Arroyo  Parida,  northeast  of 
Serena,  and  at  several  other  localities  in  the  same  formation  along  the 
south  face  of  the  Santa  Ynez  Range.  Taken  as  a  whole,  however, 
the  structure  of  the  formation  in  the  Summerland  district  offers  only 
moderate  inducements  for  prospecting  with  the  drill. 

Waier  from  the  Topatopa  formation, — Hot  springs  emanate  from 
the  rocks  of  the  Topatopa  formation  in  Hot  Spring  Canyon,  4  miles 
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northeast  of  Santa  Barbara.  According  to  Whitney,^  the  waters 
from  these  springs  are  highly  charged  with  sulphur,  and  had  in  March, 
1861,  temperatures  ranging  from  112**  to  118**  F.,  the  larger  ones  being 
usually  the  warmer. 

The  following  is  an  analysis  ^  of  water  from  the  tunnel  or  one  of  the 
wells  of  the  Occidental  Oil  Company  in  Toro  Canyon,  w^hich  are  sunk 
in  the  upper  Topatopa  shale  zone: 

Analysis  of  water  from  Occidental  well:,  Toro  Canyon,  S  milcn  northea  t  of  SummerUnu!.*^ 

Parts  per 
million. . 

Silica 29.344 

Oxid^of  iron  and  alumina. .' 2.  787 

Carbonate  of  lime 105.  045 

Carbonate  of  magnesia 74. 812 

Sodium  and  potassium  sulphate' 17. 186 

Sodium  and  potassium  chloride 22.  572 

Sodium  and  potassium  carbonate 57. 832 

Oil  and  organic  matter Trace. 

309. 578 

This  water  passed  directly  into  a  boiler  without  going  through  the 
heater  would  scale  and  cause  some  pitting,  but  in  the  heater  the  lime 
and  magnesium  are  largely  precipitated. 

SESPE  FORMATION. 

Name. — ^The  name  ''Sespe  brownstone  formation*'  was  first  used 
by  Watts  **  in  describing  the  peculiar  reddish-brown  sandstone  series 
found  in  the  region  of  the  Sespe  Canyon,  north  of  Fillmore,  Ventura 
County.  Later  the  name  was  used  by  Eldridge  *  for  the  character- 
istic reddish  formation  of  which  the  Sespe  brownstone  is  a  part. 
The  name  is  used  in  this  report  to  designate  the  reddish  formation 
which  occurs  along  the  flanks  of  the  Santa  Ynez  Range  north  of 
Santa  Barbara  and  Summerland,  and  which  is  directly  traceable 
into  Eldridge^s  areas  in  Ventura  County. 

Liihologic  character. — Two  general  divisions  are  recognizable  in 
the  Sespe  formation — a  sandy  basal  portion  about  1,900  feet  thick 
and  a  shaly  upper  portion  about  2,400  feet  thick.  The  middle  of 
the  formation  is  of  a  decidedly  characteristic  reddish  color,  but  this 
fades  out  gradually  both  toward  the  bottom  and  toward  the  top. 
The  lowest  zone  in  the  Sespe  is  about  300  feet  of  heavy-bedded  coarse 

a  Gcol.  Survey  Cnlifomia,  Geology,  vol.  1,  IWm,  p.  I'iS. 

b  This  analysis  was  found  in  Mr.  Eldrldgo's  notebook,  aocoinpanied  hy  the  following  note:  "  Given 
me  by  Mr.  Rust,  of  the  Seaside  Oil  Company.  Analy.  is  l.y  Doarimrn  Drt'g  and  Chemical  Company, 
Chicago,  Septeml)cr  0,  1900." 

<■  Expressed  by  analyst  in  grains  x>cr  gallon;  recomput<Ml  to  parts  p«^r  ralllion  at  United  States 
Geological  Survey. 

d  Bull.  California  State  Mining  Bureau  No.  11, 1897,  p.  25. 

<  Bull.  U.  S.  Oeol.  Survey  No.  309,  1907,  p.  7. 
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pinkish  sandstone  with  a  few  conglomerate  layers.     Above  this  is 

340  feet  of  heavy-bedded,  coarse  yellowish  granitic  sandstone;  then 

330  feet  of  heavy-bedded  granitic  sandstone,  locally  pinkish  in  color; 

and,  finally,  950  feet  of  medium-bedded,  characteristic  reddish-brown 

siliceous  conglomerate  and  coarse  sandstone,  with  minor  amounts  of 

clayey  shale.     The  upper  horizon  has  1,815  feet  of  thin  to  thick 

beds  of  characteristic  brownish-red  clayey  shale  with  minor  amounts 

of  sandstone  and  conglomerate,  the  whole  becoming  lighter  colored 

toward  the  top,  and  about  575  feet  of  light-brown  shale,  with  white 

to  pinkish  calcareous  concretions,  these  latter  beds  being  transitional 

into  the  Vaqueros  shale  above. 

Some  of  the  harder  Sespe  conglomerate  makes  excellent  road 
material  and  is  quarried  extensively  for  this  purpose  at  different 
points  along  the  base  of  the  mountains.  Good  building  stone  could 
doubtless  be  obtained  from  the  formation  at  certain  localities, 
although  at  present  the  only  place  where  the  rock  is  quarried  is  in 
Sespe  Canyon,  Ventura  County. 

Age, — No  fossils  have  been  foimd  in  the  Sespe  formation  in  the 
Summerland  district.  Watts  and  Eldridge,  from  their  studies  in 
Ventura  Coxmty,  are  of  the  opinion  that  the  Sespe  is  largely  Eocene, 
although  their  evidence  for  this  belief  is  not  conclusive.  It  is  quite 
probable  that  the  base  of  the  formation  is  Eocene,  as  characteristic 
Eocene  forms  have  been  found  in  the  top  beds  of  the  Topatopa  for- 
mation, which  conformably  underlies  the  Sespe.  It  seems  possible 
that  at  least  a  part  of  the  Sespe  is  Oligocene,  for  it  grades  at  the 
top  into  beds  which  at  several  localities  are  known  to  contain  lower 
Miocene  fossils. 

Distribution  and  structure, — The  Sespe  formation  is  exposea  annost 
continuously  from  the  type  locality  in  Sespe  Canyon  at  least  as  far 
west  as  Santa  Barbara,  and  probably  much  farther.  What  is  thought 
to  be  an  outcrop  of  the  Sespe  is  also  exposed  in  the  core  of  the  anti- 
cline of  Vaqueros  sandstone  south  of  Santa  Ynez,  nearly  40  miles 
west  of  Santa  Barbara.  In  the  Summerland  district  the  Sespe  lies 
stratigraphically  above  the  Topatopa,  with  which  it  is  conformable, 
forming^  a  band  averaging  about  a  mile  in  width  immediately  south 
of  that  formation  at  the  base  of  the  Santa  Ynez  Range.  North  of 
the  eastern  part  of  the  city  of  Santa  Barbara  the  band  of  Sespe 
deposits  is  affected  by  the  overturn  and  dips  northward  at  steep 
angles  under  the  older  Topatopa  beds;  north  and  northwest  of  the 
Mission  the  beds  occupy  their  normal  relation  to  the  Topatopa  and 
dip  toward  the  south.  The  belt  of  Sespe  at  the  base  of  the  range 
northeast  of  Summerland  lies  in  a  syncline  overturned  toward  the 
south;  farther  east,  however,  this  syncline  rights  itself  and  extends 
as  a  broad  trough  as  far  east  as  the  Ojai  Valley. 
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Another  band  of  the  Sespe  occupies  the  flanks  of  the  ridge  between 
Toro  Canyon  and  the  east  end  of  the  area  shown  on  the  map;  it 
also  extends  westward  from  Toro  Canyon,  forming  a  large  part  of 
the  group  of  hills  inamediately  northeast  of  Summerland.  In  this 
band  the  Sespe  dips  south  at  a  steep  angle,  its  base  being  determined 
by  exposures  of  the  underlying  Topatopa,  while  its  upper  beds  ape 
for  the  most  part  hidden  under  the  Pleistocene  deposits  of  the  lov^ 
land.  A  little  isolated  outcrop  of  Sespe  forming  the  two  knolls  in 
the  bend  of  Ficay  Creek,  li  miles  northeast  of  Summerland,  is  a  part 
of  the  uppermost  light-brownish  shale  of  the  formation.  As  this 
exposure  lies  in  the  direct  line  of  strike  of  the  basal  sandstone  beds 
of  the  Sespe  outcrop  in  the  ridge  immediately  to  the  southeast,  it 
is  verj^  evidently  separated  from  the  beds  in  the  ridge  by  a  profound 
fault,  with  a  downthrow  on  the  north. 

Evidences  of  petroleum. — No  evidences  of  petroleum  were  found  by 
the  writer  in  the  Sespe  beds  in  the  Summerland  district.  However, 
the  same  formation  is  petroliferous  in  the  region  of  Sespe  and  Sisar 
canyons,  farther  east,  and  it  is  said  that  certain  indications  of  oil 
have  been  found  by  others  in  the  Sespe  northeast  of  Summerland. 
The  well  of  the  Pinal  Oil  Company,  on  the  west  side  of  Arroyo  Parida, 
starts  down  in  the  basal  sandstone  of  the  Sespe,  but  it  is  thought 
that  this  well  was  located  with  the  intention  of  tapping  the  shales  at 
the  top  of  the  Topatopa  formation,  which  lies  just  below,  rather 
than  with  the  idea  of  obtaining  oil  from  the  Sespe. 

VAQUEROS    FORMATION. 

Name  and  correlation. — The  name  Vaqueros  was  proposed  by  Homer 
Hamlin  for  a  characteristic  sandstone  formation  underlying  the 
Monterey  shale  in  Los  Vaqueros  Valley,  Monterey  County,  and  was 
first  used  by  H.  W.  Fairbanks  °  for  the  lower  Miocene  of  the  San  Luis 
quadrangle.  Owing  to  its  characteristic  fauna,  the  formation  has 
been  recognized  over  much  of  the  Coast  Range  belt.  Although  what 
is  called  the  Vaqueros  formation  in  the  Summerland  district  contains 
no  characteristic  fossils,  its  stratigraphic  position  and  lithologic  simi- 
larity to  certain  characteristically  fossiliferous  beds  in  the  Ojai  Valley 
to  the  east  leave  no  doubt  in  the  mind  of  the  writer  as  to  its  correct 
correlation. 

Lithologic  character. — The  basal  portion  of  the  Vaqueros  consists  of 
several  beds  of  fine  to  coarse,  more  or  less  arkose,  light-brownish  sand- 
stone, interbedded  with  minor  quantities  of  dark  earthy  to  sandy 
shale,  about  785  feet  in  all.  This  sandy  zone  is  apparently  somewhat 
more  resistant  to  weathering  than  the  shale  above,  as  is  indicated  by 
its  presence  in  the  row  of  knolls  one-half  mile  northeast  of  Summer- 
land.     Above  the  sandy  zone  and  grading  into  the  overlying  Monte- 

a  Geologic  Atlas  V.  S.,  folio  101,  U.  S.  Geoi.  Survey,  1904,  p.  3. 
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rey  shale  is  about  1,650  feet  of  grayish  clayey  shale,  with  many  layers 
of  gray  to  yellow  calcareous  shale  or  calcareous  concretions;  the  shale 
is  darker  colored  toward  the  top  and  apparently  less  sandy  than  lower 
down.  The  whole  shaly  portion  of  the  formation  w^eathers  int<i^  black 
adobe  soil,  in  which  the  hard  lime  concretions  are  abundant;  the 
sandy  portion  of  the  Vaqueros  produces  a  lighter  colored  soil  than  the 
shale. 

The  Vaqueros  in  this  district  contains  little  of  the  coarse  sandstone 
which  is  so  characteristic  of  the  formation  in  the  region  at  the  west 
end  of  the  Santa  Ynez  Range.  In  this  respect  it  is  like  the  Vaqueros 
of  the  Sespe  and  Ojai  regions,  which  is  made  up  largely  of  shale. 

No  indications  of  petroleum  were  noticed  by  the  WTiter  in  any  of 
the  exposures  of  the  Vaqueros  in  the  Summerland  district. 

Distribution  and  structure. — The  Vaqueros  fine  sandstones  and 
shales  lie  conformably  above  the  light-colored  shale  of  the  S^spe  for- 
mation in  the  region  north  of  Summerland  and  also  north  and  north- 
west of  Santa  Barbara.  In  the  Summerland  area  the  beds  vary  in 
dip  from  70°  to  90°  NW.,  with  a  strike  of  northwest-southeast.  In 
the  region  north  of  Santa  Barbara  the  same  beds  appear  to  be  over- 
turned and  dip  steeply  northward,  with  a  west-northwest  strike  par- 
allel to  the  major  structural  features  of  the  range. 

MONTEREY    SHALE. 

Nam£. — In  1855  William  P.  Blake''  described  the  diatomaceous 
shales  in  the  vicinity  of  ilonterey  and  applied  to  them  the  name  that 
has  been  accepted  ever  since  by  west-coast  geologists  to  designate  the 
characteristic  shale  formation  of  the  middle  Miocene,  which  has  so 
widespread  a  distribution  in  the  Coast  Ranges  of  California. 

Lithologic  character. — As  in  many  portions  of  the  Coast  Ranges,  the 
Monterey  in  the  Summerland  district  is  in  general  distinguished  by  its 
diatomaceous  character.  Unusually  pure  diatomaceous  earth,  or 
tripoli,  as  it  is  sometimes  called,  is  found  in  the  areas  of  Monterey 
adjacent  to  Sycamore  Canyon  and  southwest  of  Montecito.  These 
deposits  have  been  the  subject  of  a  special  paper  by  Finch.  (See  p.  13.) 
Similar  deposits  in  the  northern  part  of  Santa  Barbara  County  are 
described  by  the  writer  and  Robert  Anderson  in  ''Contributions  to 
Economic  Geology  for  1906."^  This  diatomaceous  earth  usually 
contains  from  70  to  85  per  cent  of  silica,  is  white  to  light-yellowish  in 
color,  very  light  in  weight,  and  faiflj^  resistant  to  weathering.  The 
siliceous  shells  of  the  individual  diatoms  are  usually  distinguishable 
under  a  lens  in  most  hand  specimens  of  this  material. 

In  the  region  of  the  Carpinteria  asphalt  quarry  the  shales  are 
highly   bituminous,  and   have   assumed   contrasting  alternations  of 


oProo.  Aciid.  Nat.  Sci.,  PhilarU'Iphia.  vol.  7.  isoo.  pp.  32H-3.'il. 
&  Bull.  r.  S.  G(H)1.  Surv«'y  No.  315,  1007,  pp.  4.38-447. 
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black,  brown,  and  white,  which  are  rendered  more  conspicuous  by 
the  action  of  the  waves.  Along  the  railroad  immediately  east  of  the 
area  shown  on  the  map  the  shale  is  interbedde^  at  rare  intervals  by 
4-inch  to  24-inch,  fine,  brownish,  more  or  less  bituminous  sandstone 
layers. 

Volcanic  ash  occurs  at  two  horizons  toward  the  base  of  the  Monterey 
northwest  of  Summerland,  as  shown  on  the  map  (PI.  I,  p.  18).  The 
lower  deposit  is  about  125  feet  and  the  upper  about  75  feet  in  thick- 
ness. The  lower  is  slightly  coarser  grained  than  the  upper.  The  ash 
is  white  and  very  gritty,  and  consists  largely  of  angular  grains  of 
quartz  and  lath-shaped  feldspar  crystals,  some  more  than  2  or  3  mpi. 
in  length. 

The  Monterey  shale  becomes  strongly  porcelaneous  in  the  area 
northwest  of  the  Santa  Barbara  Mission,  and  in  some  places  even 
approaches  a  flint  in  texture.  The  beds  here  are  harder  than  any 
others  occurring  in  this  formation  in  the  district. 

The  following  log  shows  the  character  of  the  Monterey  in  the  hills 
immediately  north  of  Summerland : 

Log  of  well  in  Monterey  formation  one-third  mile  north  of  Summerland  Station. 


White  and  blue  clay 

Whit«  shale 

Hard  'shell"  on  incline 
Broken  shale  with  gas.. 
Chocolate-colored  shale. 


Thick- 
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Sandstone    (probably    volcanlc- 
ash  bed,  steeply  tilted);  specks 
of  oil 

500 

Salt  water  below  sea  level  In  this  well. 

Age  and  fossils. — Recognizable  marine  molluscan  fossils  were  found 
in  the  Monterey  at  only  one  locality  in  the  district.  This  was  on  the 
south  face  of  the  675-foot  hill  just  east  of  Diablo  Canyon  and  a  little 
more  than  a  mile  northwest  of  the  Mission.  Here  the  semiporcela- 
neous  shale  and  an  interbedded  fine  sandstone  layer  yielded  the 
following  fossils:  Area  sp.  (small),  Pecten  peckhami  Gabb  (abundant 
and  beautifully  preserved  as  casts;  PI.  X,  fig.  10),  and  PJmcoides  sp. 
(small,  gibbous). 

Distribution  and  structure. — The  Monterey  formation  occupies  a 
belt  lying  conformably  above  the  Vaqueros  in  front  of  the  whole 
length  of  the  Santa  Ynez  Range  in  the  Summerland  district.  Over 
much  of  the  territory  the  shale  is  covered  by  the  Pleistocene  deposits, 
but  at  certain  localities  erosion  has  stripped  the  beds  clear  of  their 
overlying  mantle  and  they  are  shown  in  all  their  complexity  of  struc- 
ture. Beautiful  sections  are  disclosed  in  the  sea  clifT  for  many  miles 
southeast  of  the  mouth  of  Carp^nteria  Creek  (see  PI.  Ill,  A),  while 
west  of  Punta  del  Castillo  and  Santa  Barbara  Point  there  are  other 
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J.     BEACH  NEAR  CARPINTERIA  ASPHALT  MINE.  SHOWING  UPTURNED  AND  CONTORTED 

MONTEREY  SHALE. 

The  exuding  tar  cements  seaweed,  pebbles,  and  rocks  into  a  firm  conglomerate.     Eluff  in  rear  is 
composed  of  sands  heavily  impregnated  with  asphaltum. 


li.     A  TAR  VOLCANO  IN  THE  CARPINTERIA  ASPHALT  MINE. 
Showing  how  oil  exudes  from  joint  cracks  in  the  upturned  Monterey  shale  formmg  the  floor  of  mine. 
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excellent  exposures.  North  of  Summerland  and  north  of  Santa  Bar- 
bara are  isolated  patches  of  this  formation. 

In  the  western  part  of  the  district  the  shale  dips  northward  at  angles 
of  40°  to  90°,  being  affected  by  the  overturn  which  controls  the  posi- 
tion of  the  beds  in  the  Santa  Ynez  Range;  north  of  Summerland  it 
dips  steeply  to  the  sbuthwest,  while  at  the  asphalt  quarry  at  Carpin- 
teria  it  stands  exactly  vertical,  changing,  however,  to  a  northeasterly 
dip  farther  east  along  the  coast.  Toward  the  east  edge  of  the  area 
mapf>ed  the  shale  is  folded  into  an  anticHne  striking  a  little  north  of 
west,  with  dips  of  30°  on  its  northeast  flank  and  4.5°  on  its  southwest 
flank,  near  the  axis.  The  shale  is  much  contorted  and  fractured 
locally,  especially  in  the  region  along  the  coast  half  a  mile  east  of 
Carpinteria.  The  well  of  the  Columbia  Oil  and  Asphalt  Company,  1 
mile  southwest  of  Carpinteria,  is  located  near  the  axis  of  this  anticline. 

Evidences  of  petroleum. — The  Monterey  shale  is  probably  the  ulti- 
mate source  of  most  of  the  oil  occurring  ^\'ithin  this  and  most  of  the 
other  productive  oil  fields  of  the  Coast  Ranges.  The  petroleum  is 
thought  to  be  the  product  of  a  slow  and  complicated  process  of  meta- 
morphism  and  distillation  affecting  the  hydrocarbon  material  in  the 
diatoms  and  other  organic  remains  which  play  so  prominent  a  r6lc  in  the 
formation  of  these  shales.  This  subject  is  more  fully  discussed  in 
Bulletin  No.  322  of  the  United  States  Geological  Surv^ey. 

In  the  vicinity  of  the  Carpinteria  asphalt  mine  and  to  the  southeast 
along  the  shore  for  about  a  mile  the  shale  is  very  petroliferous,  tar 
oozing  from  the  joint  cracks  at  many  places.  This  substance  not  only 
forms  black  coatings  over  the  exposures  on  the  beach,  but  cements 
sea  weed,  shells,  and  pebbles  into  a  firm  conglomerate  which  forms  a 
layer  over  the  rocks  near  the  water.  (See  PI.  Ill,  ^1.)  Deposits  of 
asphaltum  are  formed  from  the  oil  or  tar  which  exudes  from  the 
shales  and  penetrates  the  overl3nng  Pleistocene  sands.  PI.  Ill,  B, 
shows  a  characteristic  seepage  of  oil  from  the  Monterey  shale  forming 
the  floor  of  the  Carpinteria  asphalt  mine.  Wells  drilled  in  the  shales 
in  this  vicinity  also  yield  small  amounts  of  heavy  oil.  This  occurrence 
of  petroleum  in  the  shale  is  associated  with  a  zone  of  fracture  and  a 
fold  parallel  to  this  zone,  affecting  the  Monterey  along  this  part  of  the 
coast. 

At  many  places  west  of  Santa  Barbara  as  far  as  Gaviota  the  Mon- 
terey shales  exude  oil  and  tar,  some  localities  furnishing  asphalt  in 
commercial  quantities."  Wells  in  the  Summerland  field  which  pene- 
trate the  Monterey  usually  strike  snuxll  quantities  of  gas,  but  no  oil 
worthy  of  mention. 

With  the  exception  of  the  ex])osuros  along  the  coast  the  surface 
evidences  of  petroleum  in  the  Monterey  are  not  noteworthy.     Certain 

oSee  Mom.  raliforniu  Acud.  Sou,  vol.  3,  1903,  pi.  3-2.  fig.  a. 
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shales  exposed  in  the  Arroyo  de  las  Ortegas,  northwest  of  Summer- 
land,  show  some  signs  of  {>etroleum,  as  do  the  shales  in  one  or  two 
other  exposures  farther  west,  but  these  are  of  little  importance. 

FERNANDO    FORMATION. 

'Name, — The  name  ^^  Fernando  "was  used  on  a  manuscript  map  by 
Homer  Hamlin  several  years  ago  to  s]>ecify  a  certain  formation  con- 
taining Pliocene  fossils  and  unconformably  overlying  the  Monterey 
shale  in  the  San  Fernando  Valley,  Los  Angeles  County.  It  has  since 
been  used  by  Eldridge  and  Arnold"  to  designate  the  same  formation 
throughout  the  oil  fields  of  Ventura,  Ix)s  Angeles,  and  Orange  counties, 
and  still  more  recently  by  Arnold  and  Anderson**  for  an  equivalent 
formation  in  northern  Santa  Barbara  County. 

Lithologic  character  in  the  Summerland  area. — The  Fernando,  in  the 
region  east  ot  Santa  Barbara,  consists  of  clay  and  clayey  shale,  sand- 
stone, and  conglomerate.  The  last  two  contain  oil  toward  the  base 
of  the  formation  over  much  of  the  territory  south  and  southeast  of 
Summerland. 

Clayey  shale  appears  to  comprise  something  like  400  feet  of  strata 
at  the  base  of  the  Fernando  in  the  Summerland  region.  Some  expos- 
ures of  this  shale  occur  in  a  cut  on  the  north  side  of  the  county  road 
in  the  eastern  part  of  the  town,  and  also  at  two  places  along  the  beach 
between  the  easternmost  Duquesne  wharf  and  Loon  Point.  The  shale 
IS  rather  soft,  gray  to  brown  in  color  on  fresh  surfaces,  but  rusty  in  the 
joint  cracks,  of  which  there  are  many  cutting  the  rock.  Gypsum 
occurs  in  numerous  small  veins  in  the  outcrop  on  the  county  road, 
and  gypsum  and  sulphur  both  are  abundant  in  the  outcrops  along 
the  beach.  Sandy  clay  shale  and  bluish  and  grayish  clay  are  also 
interbedded  with  the  sandstones  and  conglomerates,  which  overlie 
the  basal  shale.  The  clays  usually  slack  on  exposure.  The  gypsif- 
erous  sandy  clay  shale  exposed  in  the  blufl*  opposite  the  cemetery  1 
mile  north  of  Afontecito  Landing  probably  represents  a  zone  higher 
up  in  the  formation  tl\an  the  similar  beds  at  Summerland. 

Sandstone  and  conglomerate  with  some  interbedded  clays  make  up 
the  upper  portion  of  the  Fernando,  the  coarse  sediments  being  com- 
posed largely  of  waterw^orn  Eocene  sandstone  with  scattered  pebbles 
of  quartzite  and  other  hard  rocks.  (See  PI.  IV. "^  From  one-eighth 
to  one-half  mile  west  of  the  westernmost  Summerland  wells  the  for- 
mation is  very  conglomeratic,  and  contains  bowlders  up  to  2  feet  in 
diameter,  the  average,  however,  being  under  6  inches.  The  pebbly 
bodies  are  incoherent  and  form  strata  and  great  irregular  masses. 
Fine  yellowish  to  pinkish  sands  and  one  or  two  streaks  of  dark-gray 
clay  are  interbedded  with  the  conglomerate  at  this  locality.     At  the 

oBull.  U.  S.  Gool.  Survey  No.  309.  1907.  p.  ^2. 

&  Pull.  U.  S.  Geol.  Survey  No.  317,  1907.  p.  19:  and  No.  322,  1907, 
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west  end  of  the  field  the  beds  are  lower  in  the  formation  than  those 
just  described,  but  closely  resemble  them.  Larger  bowlders,  some  up 
to  4  feet  in  diameter,  occur  in  these  lower  beds,  and  interstratified 
blue  clays  become  more  abundant  as  the  base  of  the  formation  is 
approached.  Evidences  of  petroleum  are  first  enct)untered  in  that 
part  of  the  formation  exposed  in  the  railroad  cut  near  the  western- 
most wells,  in  the  sandy  and  conglomeratic  layers,  and  from  this  hori- 
zon down  (stratigraphically)  for  over  200  feet  the  beds  are  more  or  less 
petroliferous.  The  oil-bearing  strata  are  also  encountered  near  Ix)on 
Point,  where  they  consist  of  yellowish  to  reddish  sandstone  and  con- 
glomerate. Similar  rocks  outcrop  in  the  bluffs  1  mile  north  of  Mon- 
teeito  Landing. 

Lithologic  chara<:ter  in  the  Santa  Barbara  area. — The  Fernando  for- 
mation in  Packards  Hill  southwest  of  Santa  Barbara,  consists  of 
fossiliferous  sandy  marl,  sandstone,  and  sandy  shale  dipping  slightly 
west  of  south  at  angles  varying  from  15  to  45  degrees.  In  the  bluffs 
at  the  eastern  end  of  the  hill,  near  the  bath  house,  the  formation  con- 
sists largely  of  bryozoan  marl  and  sandstone,  certain  layers  being 
exceedingly  fossiliferous.  The  more  fossiliferous  layers  are  much 
the  harder,  and  form  protruding  shelves  along  the  face  of  the  bluff." 

Age  amljossils.—  No  fossils  have  been  found  in  the  Fernando  for- 
mation in  any  of  the  outcrops  at  Summerland,  Loon  Point,  or  Mon- 
tecito,  but  in  the  area  southwest  of  Santa  Barbara  an  abundant 
marine  fauna  representing  two  horizons  is  presinit. 

The  fossiliferous  beds  are  certainly  of  marine  origin,  and  are  known 
to  represent  horizons  in  the  body  of  this  formation;  the  beds  in  the 
Summerland  areas  are  of  unknow^l  origin,  but  are  undoubtedly  at  the 
base  of  the  Fernando  and  rest  on  beds  of  middle  Miocene  (Monterey) 
age.  The  fossil-bearing  strata  are  certainly  Pliocene,  and  may 
extend  over  into  the  Pleistocene,  so  that  it  is  prol)al)le  that  the  lower 
or  unfossiliferous  part  of  the  formation  is  either  lower  Pliocene  or 
upper  Miocene. 

"Mom.  Crtlifnrniu  Acad.  Sol.,  vol.  3.  l*Mi.  pi.  M.  (i^.  I). 
178:^— Bull.  321—07 3 
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The  following  sjx»cies  have  been  found  in  the  marine  beds  southwest 
of  Santa  Barbara: 

Fossils  collected  from  the  Femandn  forwation  at  Santa  Barhara.f^ 


Acmeea  insossn  Hinds 

AdineU'  gratilior  Cftrnenter 

Amphlssa  corrugata  Kwve  (IM.  XI,  fig.  7) . .. 

Balanus  concaviis  Bronn 

Bela  ftdiciila  Gould 

Bittium  l)arl)aren.sis  Bartsch  (I'l.  XI,  fig.  15t 
Bittiuin  catalinrnsia  Bartsch  (PI.  XI.  fig.  13) 

Bryozoa  sp.  (?)  (rf«'t»  l'\.  XVII) 

Cafdium  corbis  Martyn. 


Bath- 1  Pack- 
house  I  ards 
Be4Kh.      Hill. 


Calliostonia  gornniulatum  Carpenter 

Chrvsodomus  tabulatus  Balrd 

Clathurella  conradiana  (JaM)  (I'l.  XI,  fig.  U) 

ColuinlK'lla  (.VHtyriH)  gausapata  (fould 

Columbella  (A'^tyrisi  gaus^ipata  var.  cariuata  Hin<ls 

Columljella  (Astyris)  lulRTOfwi  Carpenter  (IM.  XI.  fig.  10) . 

Cn'pidula  adunca  Sowerby 

Crepidiila  navicelloides  Nultall 

Crepldula  princfps  (\)nrad  (I'l.  Xili,  flg.s.  la,  lb.  Ici 

Cytnara  branneri  Arnold 

Diastoma  sp.  (?) 


X 

X 

X 

;    . . .  > 

X 

X 

,     .   .  X 

Fusus  robustus  Trask X 

Galeru.s  inanunllaris  Broderip  (IM.  XI,  fig.  14) X 

Glottidia  albida  Hinds 

Lacuna  compacta  Carpenter  (IM.  XI,  fig.  2) X 

Laqueus  jefTrey si  ( ? )  Dall 

Leptothrya  bacula  Carpenter  ( IM.  X  I.  fig.  3  * X 

Leptothyra  paueieostata  Dall  (IM.  XIII,  fig.  '.h X 

Macoma'sp.  (?) X 

Mangilia  angulata  Carpenter X 

Mangilia  interfossa  var,  pedroana  .Vniold 

Mangilia  tabulata  Carpenter  (IM.  XI,  fig.  4) 

Margarita  pupilla  (Jould 

Mercenaria  perlaminosa  Conrad  (IM.  XV,  figs,  la,  lb.  le) 

Mitraniorpha  filo.sa  Carpenter  var.  barbart'nsis  Arnold  ( IM.  XI,  fig.  1) 

Modiolus  lornicatus  Carpenter X 

"•      -^     "  X 

X 

X 

X 

X 

'. X 

X 

'  X 

X 

I  X 


X 

X 
X 
X 
X 


Nassiv  mendica  Gojild. 

Nassa  perpinguis  Hinds  (PI.  XI.  fig.  8) 

Natica  clauaa  Brotlerip  and  Sowerby  ( IM.  XVI,  fig.  2' 

Ocinebra  barbarensis  Gabl) * 

Ocinebra  lurida  Middendorf  (IM.  XI,  fig.  11 1 

Ocinelira  lurida  vnr.  aspera  Baird 

Ocinel)ra  perita  Hinds 

Odostomla  nuciforniis  var.  avellana  Carpenter 

Odostornia  gouldii  Carpenter 

Ollvella  bipiicata  S«)we"rl)y 

Panopea  generosa  Gotild.' 

Pecten  (Peeteni  brlhis  Conrad  (IM.  XV,  figs.  In.  Ibi 

Pecten  (Patiuoptvten)  caurinus  Gould  ( IM.  XVI.  figs.  la.  Ibi . . .  . 

Pecten  (Chljunys)  bastatus  Sowerby  (IM.  XIV.  figs.  ('»a.  'ib   

Pecten  (Chlniiiysi  h;i.status  Sowerby  var.  j^trategtis  Dall 

I'octen  (Chlaiiivsi  jordani  Arnold  (PI.  XIV.  figs.  5ji,  fib) 

Pecten  iCblaniys)  opuntia  Dall  (PI.  XIV,  figs.  3,  4) 

Phacoidcs  aiinulnttis  U»M've 

Phacoides  califoriiiea  Conrad 

Pododesrnus  in;u'ros<-hisrna  Deshiiy<'S 

Prolocardia  c<'nliniosa  Carpenter/ 

Psepbidia  baibareii'^is  .\mold  (IM.  Xll,  fig.  .'i' 

Puncturella  cwciil.ita  Gould 

Punetur.-lla  delo.^^i  Arnold  (PI-  XI.  figs.  5a.  .'>b   

Seniele  i)ul«hra  Sowerby  var.  nioritere\i  Arnobl  (PI.  XI\'.  lig.  1). 

Stroiigvlocent  rot  us  i»urpuratus  Stiui.soii 

Terebratalia  heriij>bilU  l)all  m.  XII.  figs.  4a.  4b ^ 

Tornatinaculcitella  Gould  (IM.  XI,  fig.  (.• 

Trophon  (iioreotroj)bon)  griieilis  Perry 

Trophon  (Boreoiroi»honi  orpheus  var' i)r;e('ursor  ArtioM 

Trophon  (B(»n-otrophoni  stuarti  Smith  (PI.  XI.  fig.  I'Ji 

TuriKmilla  tri.b'ntata  Carpenter 

Venericardi.-i  I'lonilif'osta  Gabb  (PI.  XIV.  fig.  2i 

Venericardia  vatesi  .\rn<»UI  (IM.  XII.  figs.  2a.  2b 


rtMein.  Calif.. riiia  Aca.l.  S<1.,  vol.  3.  P.J()3.  p. 
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Distribution  and  structure.-    Only  a  very  small  percentage  of  the  area 
discussed  in  tliis  report  is  occupied  by  the  Fernando,  but  as  it  is  the 
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formation  that  contains  the  productive  oil  sands  of  the  Summerland 
iiehl  it  is  one  of  the  most  important.  The  contacts  of  this  formation 
with  those  adjacent,  as  showTi  on  the  map,  are  at  nearly  every  place 
arbitrarily  determined,  o^\^ng  to  the  soft  composition  of  both  the 
Fernando  and  the  Monterey  and  the  similarity  of  the  overlying  Pleis- 
tocene deposits  to  the  Fernando.  Three  general  areas  are  shown  on 
the  map.  That  at  Summerland  borders  the  coast  and  is  affected  by 
one  or  more  irregular,  undulating  anticlines  which  parallel  in  a  general 
'  way  the  other  structural  lines  of  the  region.  Another  small  area,  also 
lying  in  an  antichnal  position,  is  exposed  in  the  bluff  1  mile  west  of 
ilontecito  Landing.  The  third  and  most  important  district  occupies 
Packards  Hill,  southwest  of  Santa  Barbara,  where  the  formation  lies 
in  a  gi-eat  southwestward-dipping  monocline  at  least  as  far  as  the 
middle  of  the  area.  This  outcrop  was  not  studied  in  detail,  so  that 
its  relations  to  the  Monterey  shale,  which  borders  it  along  the  coast 
on  the  southwest,  are  not  known. 

PJridences  of  petroleum. — Surface  indications  of  petroleunt7  in  the 
form  of  chocolate-colored  bituminous  sandstone,  appear  at  Loon 
Point  at  intervals  for  one-half  mile  to  the  west,  and  also  along  the 
cliffs  at  the  west  end  of  the  field.  The  uppermost  bed  that  shows 
signs  of  impregnation  occurs  in  the  railroad  cut  a  short  distance  west 
of  the  westernmost  Southern  Pacific  well  on  the  bluff.  (See  PI.  VI, 
p.  36.)  The  strike  of  this  bed  and  its  associated  conglomerates  (which 
are  locally  called  'Hhe  reef")  would  carry  it  to  the  southeast,  toward 
the  end  of  the  Southern  Pacific  wharf.  No  productive  wells  have 
been  found  southwest  of  the  submarine  outcrop  of  this  reef  bed. 
Although  similar  to  the  Loon  Point  Fernando  beds,  and  occupying 
structurally  an  apparently  analogous  position,  the  sandstone  and  con- 
glomerate exposed  in  the  anticline  1  mile  w^est  of  Montecito  Landing 
yield  no  indications  of  oil.  Neither  does  the  marine  Fernando  west 
and  southwest  of  Santa  Barbara.  A  discussion  of  the  productive  oil 
sands  which  occur  in  the  Fernando  is  given  under  the  heading  ^'De- 
description  of  the  wells"  (pp.  39-49). 

PLEISTOCENE  DEPOSITS. 

Litliologic  cluiracfer.  — The  Pleistocene  deposits  in  the  Summerland 
district  are  of  several  kinds  and  inchule  detrital  accumulations, 
marine  beds,  and  certain  sandy  clays  of  uncertain  origin.  The  detrital 
deposits  are  incoherent  and  consist  of  poorly  assorted  material,  raiding 
in  texture  from  fine  sand  to  great  bowlders  of  the  Eocene  sandstone 
10  or  12  feet  in  diameter.  This  material  has  been  brought  down  from 
iho  mountains  by  the  streams  during  periods  of  flood  and  s])read  out 
on  the  slopes  at  the  mouths  of  the  steep  canyons.  The  presence  of  the 
huge  bowlders  on  the  slopes  of  Mission  Ridge  and  at  other  places  at 
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least  a  mile  from  the  mouth  of  the  nearest  canyon  implies  a  tremendous 
carrying  power  for  the  depositing  stream. 

The  beds  exposed  in  the  bluffs  along  the  shore  extend  inland  for  an 
indefinite  distance,  probably  as  far  as  the  inner  margins  of  most  of 
the  terraces,  and  are  composed  of  graved  and  sand  with  wliich  finer 
sediments  are  locally  interbedded.  (See  fig.  2;  also  more  particularly 
PL  II,  B,  and  PL  IV,  p.  30.)  Extreme  variation  takes  place  abruptly 
not  only  in  the  vertical  succession,  but  also  in  individual  layers,  which 
at  many  places  vaiy  conspicuously  in  thickness  and  in  composition 
within  short  distances,  sand  replacing  gravel,  and  clay  locally  taking 
the  place  of  sand,  and  vice  versa.  Bituminous  sands  and  gravels 
occur  at  the  base  of  the  Pleistocene  in  certain  areas,  such  as  at  Sum- 
merland  and  Carpinteria,  and  flowing  water  is  struck  at  the  same 

horizon  in  the  region  of 
Carpinteria  Creek.  Oil 
and  water  are  encountered 
in  wells  near  Serena  at 
depths  of  25  to  100  feet  in 
what  is  supposed  to  be  the 
basal  Pleistocene  gravel. 

The  basal  beds  of  the 
marine  Pleistocene  are 
fossiliferous  at  Summer- 
land,  at  Car])interia,  and 
north  of  Montecito  Land- 
ing, the  latter  locality 
yielding  a  good  fauna  from 
a  bed  1  to  2  feet  thick. 
The  species  are  those  still 
found  living  in  adjacent 
waters.  In  the  Carpin- 
teria asphalt  mine  the  two 
rock-boring  mollusks  Pholadidea  penifa  Conrad  and  Petricola  cardi- 
toides  Conrad  are  particularly  abundant  in  tlie  floor  of  the  mine, 
which  was  once  the  top  of  the  Pleistocene  terrace. 

In  the  lowlands  along  tlie  Santa  Barl)ara,  Montecito,  and  Summer- 
land  roads  occurs  a  formation  of  sandy  clays,  blue  to  yellowish  in 
fresh  cuts,  that  is  very  tenacious  and  more  or  less  ])orous  from  the 
ap])arent  rotting  of  contained  vegetable  matter,  etc.,  and  there- 
fore resembles  loess.  The  beds  carry  small  pebldes,  which  are  derived 
from  the  adjoining  mountain  slopes.  The  formation  lies  flat  and  is 
apparently  undisturbed.  It  is  thought  ])ossible  that  these  beds  are 
of  fresh  or  brackish  water  origin,  although  no  fossils  or  other  direct 
evidence  have  been  found  in  support  of  this  theory. 


Fig.  2.— D«'tailc«l  s<'cti<)n  of  binff  ruvir  North  Stnr  wharf, 
rieistoccne:  1,  Durk-brown  soil;  2,  dral)  clayey  sand  and 
conglonirralo;  :i,  yellow  quarlzoso  and  foMspathic  wand, 
wlthdistributod  j)obbU's;  4,  fos.siliforous  fine  compact  sand 
and  clay;  5,  brown  bituminous  sand,  some  sandstone 
IK»bl)les.  riiocene:  0,  Gray  shale,  sandstone,  and  con- 
glomerate. 
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Distribution. — The  Pleistocene  depi^its  cover  a  lanre  part  of  the 
mapped  area,  hiding  the  older  formations  over  nu>st  o(  the  lowlands 
south  of  the  main  range.  The  detrital  deposits  are  probahly  the 
most  important  and  cover  the  slopes  contiguous  to  the  base  of  the 
mountains;  those  of  marine  origin  skirt  the  coast  and  cover  the  old 
terraces;  while  the  clays  and  fine  sands,  which  are  helievtnl  to  he  of 
fresh-water  or  possibly  brakish-water  origin,  lie  in  the  region  between 
Santa  Barbara  and  Summerland. 

The  Pleistocene  beds  vary  materially  in  thickncvss  from  point  to 
point,  at  one  place  forming  a  thin  veneer  over  the  older  rocks  and  at 
another,  as  in  the  area  east  of  Carpinteria  Creek  and  for  a  mile  from 
the  ocean,  being  about  150  feet  thick.  This  last-<l escribed  area  occu- 
pies an  old  basin  or  valley,  probably  the  abandoned  channel  of  Rincon 
Creek.  In  the  northern  part  of  the  Simimerland  field  the  Pleistocene 
is  over  50  feet  thick. 

Evidences  of  petroleum, — Bituminous  sand  and  gravel,  deriving 
their  hydrocarbon  contents  by  infiltration  from  the  underlying  for- 
mations, are  found  in  the  Pleistocene  at  many  localities  along  the 
coast  from  Goleta  to  Rjncon  Creek.  In  some  places  these  have  been 
worked  for  the  asphalt;  in  others  the  degree' of  impregnation  of  the 
sands  has  been  so  slight  as  to  preclude  their  profitable  exploitation. 
The  asphalt  deposits  have  been  described  by  Eldridge"  and  others, 
and  the  Summerland  occurrences  only  will  be  mentioned  here. 

The  basal  Pleistocene  layer  in  the  bluff  opposite  the  northern  part 
of  the  town  consists  of  chocolate-colored  to  brown  bituminous  sand 
containing  a  few  sandstone  pebbles.  The  l)ed  varies  in  thickness 
from  4  or  5  feet  to  more  than  10  feet,  thickening  toward  the  west  but 
finally  disappearing  opposite  the  western  wells  of  the  field.  Hero  it 
abuts  against  the  steeply  dipping  Fernando  conglomerates  of  Ortega 
Hill,  which  protrude  over  it,  thus  implying  its  deposition  at  this 
point  in  a  wave-cut  cave.  The  beds  dip  toward  the  northeast  at 
angles  up  to  8°  or  10°,  and  for  this  reason  have  been  erroneously 
correlated  by  some  operators  with  the  Fernando  beds,  which  dip 
steeply  southwestward  (see  fig.  2,  p.  34).  The  bituminous  sand  is  so 
heavily  charged  in  certain  places  in  the  Siunmerland  field  that  some 
fresh  exposures  of  it  are  said  to  have  yield(»d  considerable  oil.  Weath- 
ered surfaces,  by  a  loss  of  the  more  volatile  constituent  of  the  oil,  dr}^ 
out  and  seal  up  the  inner  portions. 

An  oil  spring  is  mentioned  by  Watts '^  as  being  exposed  at  low  tide 
on  the  seashore  one-fourth  of  a  mile  southwest  of  Martin's  ranch, 
Serena. 

af^oe  n'fprpnoo  iirifl^T  •  Provioiis  knowloiljif  of  lli<'  r<f;u»n  "  \)\k  irf-m. 
b  Bull.  Caiiforniu  State  Mining  Bureau  No.  11.  \>s\il ,  p.  o2. 
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STRUCTURE. 
GENERAL  STRUCTURE  OF  THE  DISTRICT. 

The  gr^at  overturned  anticline  previously  referred  to  as  elevating 
the  main  portion  of  the  Santa  Ynez  Range  is  the  dominant  structural 
feature  of  the  region,  although  there  are  in  addition  to  this  one  an 
important  faulted  anticline  northeast  of  Summerland,  some  complex 
folds  in  the  range  north  of  Santa  Barbara,  and  se^v^eral  other  minor 
flexures  and  zones  of  disturbance  near  the  ocean.  The  reader's 
attention  is  called  to  the  sections  (Pis.  V,  VII,  A,  and  VIII)  and  the 
contour  map  (PI.  VI),  as  elucidating  the  statements  made  in  the  fol- 
lowing paragraphs: 

SANTA  YNEZ  RANGE  ANTICLINE. 

The  great  anticline  of  the  Santa  Ynez  Range  is  believed  to  be  the 
westward  continuation  of  the  overturned  anticline  which  affects  the 
rocks  of  the  Topatopa  Range  north  of  the  Ojai  Valley  15  miles  ea^^t 
of  the  Summerland  district.  Throughout  its  extent  it  trends  prac- 
tically in  an  east-west  direction.  From  scmie  undetermined  point 
west  of  the  Ojai  Valley  westward  nearly  to  the  intersection  of  Steer 
and  Eldorado  creeks,  something  over  a  mile  east  of  the  east  edge  of 
the  area  covered  by  the  map  (PI.  I,  p.  18),  the  anticline  is  normal 
and  its  south  flank  dips  southward  at  angles  ranging  from  30°  to  90°. 
From  the  intersection  of  the  creeks  just  mentioned  westward  at  least 
as  far  as  Montecito  and  probably  farther  the  anticline  is  again  over- 
turned, the  south  flank  of  the  fold  dipping  to  the  north  at  angles 
varying  from  40°  to  90°  (see  section  C-C,  PI.  V).  In  the  region 
west  of  Montecito  Peak  the  structure  becomes  more  or  less  complex, 
although  it  is  certain  that  the  overturn,  so  far  as  it  affects  the  Sespe 
and  younger  formations,  extends  practically  to  the  w^est  edge  of  the 
area  mapped  (see  secticm  A  A',  PI.  V).  In  the  region  of  Sycamore 
Canyon  the  Monterey  (middle  Miocene)  shale  has  been  so  far  over- 
turned as  to  dip  40°  or  even  less  toward  the  north.  These  dips  in  the 
shale,  however,  may  possibly  be  due  to  local  crumpling. 

ARROYO  PARIDA   ANTICLINE  AND  FAULT. 

The  range  of  hills  northeast  of  Summerland  was  elevated  by  an 
anticline  which  later  became  faulted  at  its  aj)ex.  This  anticline  will 
be  referred  to  as  the  Arroyo  Parida  faulted  anticline,  as  it  passes 
along  the  canyon  of  Arrovo  Parida  for  some  little  distance  (see  PI.  V, 
section  C-(").  The  fault  exposes  on  its  south  side  upper  Topatopa 
sediments  dipping  steeply  southward  at  angles  as  high  as  70°,  over- 
lain by  later  formations  with  dips  fully  as  steep,  if  not  locally  steeper. 
The  lowest  beds  ex])()S(Hl  on  the  north  side  of  the  fault  are  the  promi- 
nent thick-bedded  light  sandstones  at  the  base  of  the  Sespe,  which 
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dip  at  angles  of  10^  to  25°  toward  the  overturned  syncline  lying 
between  the  fault  and  the  Santa  Ynez  anticHne.  It  is  interesting  to 
note  in  passing  that  this  syncline  is  traceable  for  many  miles  east  of 
the  area  under  discussion  and  is  probably  the  westward  continuation 
of  the  syncline  which  passes  through  Ojai  Valley  and  to  which,  in  the 
opinion  of  the  writer,  that  valley  depression  owes  its  origin. 

Although  the  Arroyo  Parida  fault  passes  beneath  the  detrital 
material  west  of  Toro  Canyon,  it  is  kno>\Ti  to  exist  at  least  as  far  west 
as  Ficay  Creek.  This  is  shown  by  the  relations  existing  between  the 
upper  Sespe  shales  in  the  hills  northwest  of  the  bend  in  Ficay  Creek 
and  the  lower  Sespe  sandstones  in  the  ridge  only  a  short  distance  to 
the  southeast.  It  is  impossible  to  determine  what  becomes  of  the 
fault  still  farther  west,  although  where  last  known  it  is  trending  directly 
toward  the  complexly  folded  region  north  of  Santa  Barbara,  and  is 
believed  to  bear  some  relation  to  the  puzzling  disturbances  in  the 
rocks  in  the  vicinity  of  Rattlesnake  Canyon. 

MINOR  FOLDS  NEAR  THE  COAST. 
FOLDS    EAST   OF   CARPINTERIA. 

An  area  of  complex  fracturing  and  folding  stretches  along  the  coast 
from  Carpinteria  Creek  eastward  at  least  as  far  as  the  edge  of  the 
region  shown  on  the  map.  The  Monterey  shale  at  the  asphalt  mine 
just  south  of  the  mouth  of  the  creek  is  standing  vertical;  a  short 
distance  east  of  this  the  same  rocks  are  intricately  contorted  and 
fractured,  in  some  places  having  the  appearance  of  a  breccia  (see 
PI.  Ill,  A) ;  while  still  farther  east,  near  the  edge  of  the  mapped  area, 
an  anticline,  with  northeast  dip  of  30°  and  southwest  dip  of  45°, 
passes  out  into  the  ocean.  East  of  the  anticHnal  axis  the  shale  for 
some  distance  dips  toward  the  north  or  northeast.  The  trend  of  the 
anticline  is  approximately  parallel  with  the  coast,  and  on  a  line  with 
it,  about  half  a  mile  east  of  the  asphalt  mine,  an  oil  well  has  been  sunk. 

FLEXURES    NEAR    SUMMERLAND. 

Two  local  flexures  affecting  the  oil-bearing  Fernando  formation 
have  been  recognized  near  Summerland.  One  of  these  is  a  well- 
developed  anticline  striking  west-northwestward  from  Loon  Point, 
the  axis  being  nearly  coincident  with  the  edge  of  the  bluff  for  more 
than  half  a  mile  northwest  of  the  point.  The  strike  and  dip  of  the 
exposed  beds  near  the  axis  indicate  that  the  anticline  plunges  south- 
eastward and  is  undulating  in  the  direction  of  the  strike.  Points  of 
greater  elevation  in  its  trace  are  150  yards  southeast  of  the  Duquesne 
wharves  and  also  a  short  distance  west  of  Loon  Point.  At  these  nodes 
the  gypsiferous  lower  Fernando  shale  is  brought  up  to  view.  The 
dips  on  the  side  of  the  anticline  reach  as  high  as  30°  or  35°.     The 
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flexure  gradually  dies  out  from  the  region  of  the  easternmost  group  of 
wharves  northwestward  toward  the  main  part  of  the  town  of  Summer- 
land,  where  it  appears  to  lose  its  individuality  on  the  southward- 
dipping  flank  of  the  Arroyo  Parida  anticline. 

Another  flexure  (designated  the  Summerland  fault  and  anticline  on 
the  structure  map,  PI.  VI),  which  appears  to  be  a  sharp  and  possibly 
locafly  overturned  and  faulted  anticline,  with  a  strike  north  of  west, 
occurs  in  the  Fernando  beds  near  the  edge  of  the  bluff  opposite  the 
Becker  and  North  Star  wharves.  (See  section  B-B'  PI.  VII,  and 
the  Becker  and  North  Star  well  sections  A.  and  B,  PI.  VIII.)  The 
well  logs  indicate  that  this  fold  covers  a  rather  small  area,  although 
its  southeastern  extension  may  be  considerable.  The  dips  along  it 
range  from  45°  SW.  to  vertical  in  the  Becker-North  Star  area,  the 
petroliferous  sandstones,  conglomerates,  and  associated  clays  being 
affected.  A  disturbance  of  the  Pleistocene  beds  along  what  is  prob- 
ably the  trace  of  this  anticline  tilts  them  northeastward  at  angles 
ranging  as  high  as  S°  or  10°  in  the  north  end  of  the  field.  (See  fig. 
2,  p.  34.)     ^ 

In  addition  to  the  two  flexures  just  described,  the  well  logs  show 
one  or  two  local  wrinkles  affecting  the  oil  sands  and  associated 
layers  in  the  region  of  the  wharves;  these  are  shown  in  the  detailed 
sections  and  also  on  PI.  VI. 

MONTECITO   ANTICLINE. 

An  anticline  striking  about  N.  70°  or  80°  W.  passes  into  the  ocean 
from  the  bluff  opposite  the  cemetery  a  mile  north  of  Montecito  Land- 
ing. This  fold  affects  the  Fernando  clay,  sandstone,  and  conglomer- 
ate. The  dip  in  the  beds  on  either  side  of  the  axis  ranges  from  20°  to 
40°,  the  steepest  being  toward  the  southwest.  The  conditions  of 
structure  along  the  anticline  appear  favorable  for  the  accumulation  of 
petroleum,  and  although  no  surface  indicati(ms  are  visible,  it  is  prob- 
able that  oil-bearing  beds  underlie  the  fold,  possibly  at  a  considerable 
depth,  however. 

STRUCTURE  NEAR  SANTA  BARBARA. 

Detrital  deposits  obscure  the  structure  in  the  Santa  Barbara  Valley, 
but  from  the  southerly  di])s  in  the  Fernando  beds  southweist  of  the  cit}^ 
it  is  surmised  that  a  fold  similar  to  the  Montecito  anticline  or  else  a 
fault  affects  the  beds  of  Packards  Hill.  The  structure  of  the  coast 
west  of  Punta  del  Castillo  was  not  studied. 
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DESCKIPTIOX    OF   THE   WELLS. 

GENERAL  STATEMENT. 

The  oil  wells  in  the  Summerland  field  are  piit  down  on  the  ter- 
race upon  which  the  town  is  situated,  on  the  beach  in  front  of  this 
terrace,  and  on  wharves  which  extend  out  into  the  ocean,  some  of 
them  nearly  a  ([uarter  of  a  mile.  (See  PI.  II,  A,  p.  20.)  The  wells 
range  in  depth  from  100  to  more  than  600  feet,  the  shallowest  being 
the  northernmost  on  the  terrace,  the  deepest  those  farthest  south  on 
the  wharves.  The  oil  is  obtained  from  sands  alternating  with  clay 
beds  in  the  Fernando  formation  (upper  Miocene  or  lower  PHocene), 
which  dips  almost  due  south  at  angles  ranging  from  nearly  90°  at  the 
north  end  of  the  field  to  nearly  horizontal  at  the  south  end.  Only 
one  productive  sand,  from  10  to  45  feet  thick,  is  penetrated  by  the 
terrace  wells,  but  in  the  wharf  wells  two,  and  in  some  three,  oil  sands 
occur. 

For  convenience  of  discussion,  the  field  has  been  divided  into  the 
following  sections,  which  are  here  treated  in  detail:  Area  west  of 
Lookout  Park;  area  north  of  the  railroad;  area  betwee^i  the  railroad 
and  the  beach,  and  wells  on  the  beach  and  wharves.  (See  PI.  VI.) 
In  addition  to  these  areas  the  gas  wells  in  the  town  of  Sunmierland 
and  the  oil  wells  near  Loon  Point,  near  Carpinteria,  and  in  the  moun- 
tains northeast  of  Summerland  are  briefly  described. 

AREA  WEST  OF  LOOKOUT  PARK. 

Geology  and  structure— -The  wells  in  the  area  west  of  Lookout  Park 
penetrate  the  steeply  dipping  or  disturbed  beds  flanking  the  Sum- 
merland anticline  and  fault,  which  extends  from  a  point  a  short  dis- 
tance east  of  the  edge  of  the  blufl*  in  the  vicinity  of  the  North  Star 
wharf  in  a  northeasterly  direction  toward  the  top  of  Ortega  Hill. 
(See  PI.  VI.)  Dips  of  80°  or  90°  occur  in  the  sandstone  and  con- 
glomerate beds  at  the  shore  end  of  the  North  Star  wharf,  but  farther 
east  the  dip  lowers  to  45°  or  loss.  The  well  logs  indicate  a  more  or 
less  irregular  arrangement  of  the  Fernando  beds  in  the  region  of  the 
Potomac  wells,  probably  the  result  of  their  proximity  to  the  line  of 
disturbance  to  which  reference  has  just  been  made.  The  strata  pene- 
trated consist  of  gravel  near  the  surface  and  alternating  sands  and 
shale  or  clay  lower  down.  Several  oil  sands  are  penetrated  by  some 
of  the  wells,  but  only  one  or  two  are  productive.  The  productive 
beds  are  from  10  to  52  feet  thick  in  the  wells  and  are  separated  by 
clay,  which  varies  materially  in  thickness  from  well  to  well.  The 
sand  is  granitic  and  coarse  textured,  some  of  it  approaching  gravel, 
and  in  most  places  is  ''cjuick" or  incoherent,  flowing  with  the  oil  and 
necessitating  considerable  cleaning  of  the  wells.  The  usual  color  of 
tlie  formation  in  all  the  wells  is  brown  or  gray,  but  certain  wells  in 
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the  triangular  block  west  of  Evans  street  and  south  of  Wallace  ave- 
nue have  yielded  a  peculiar  red  material,  which  has  been  encountered 
in  no  other  wells  in  the  field,  with  the  possible  exception  of  some  put 
down  in  the  Monterey  shale  area  in  the  northern  part  of  the  towTi. 

The  following  two  logs  illustrate  the  character  of  the  strata  pene- 
trated by  the  wells  in  this  area: 

Log  of  Williams's  well,  on  top  of  Ortega  Hill,  Summer  land. 


;  Thick- '  ,.„„^K  ; 


"^n^-   I'-^Pt'^- 


Gravel 

Feet. 

70 
130 
115 

24 

9 

"% ! 

200 
315 
339 

34S 

Blue  shah* 

Feet. 
37 

10-1- 

Feet. 
385 

Sand  and  shale,  water  at  200  feet. . 
Shale 

Sand,  with  oi 
in  first  saml 

lightt 

r  tlian 

that 

395 -h 

Quartz  sand,  saturated  with  oil. . 

Blue  clay,  with  wood  fragments 

and  sea  shells 

Log  of  Potomac  we 

//,  on  8 

outh  flank  of  Ortega 
Depth.  ' 

J  nil, 

S)i  miner  land. 

j  Thjck- 
'    ness. 

Thick- 
ness. 

Feet. 
70 
52 
38 
10 
2,5 
11 

Depth. 

ft 

Clay,  sand,  and  coarse  gravel 

Dead  oil  sand 

Feel. 

70      Clay 

122      Gas  sand... 

IfiO      Oil  sand 

170      Clav 



4 

20 
30 
11 

Feet. 
211 
215 

Clay 

•Dead  oil  sand 

235 

265 

Clay 

oil  sand  with  little  oil 

195 
206 

Water  sand 

276 -»- 



Water  occurs  at  several  horizons  in  this  area,  being  encountered  at 
200  feet  in  the  Williams  well  (Ortega  Hill)  and  at  265  feet  in  the 
bottom  of  one  of  the  Potomac  wells. 

Wells. — All  the  wells  in  this  area  are  drilled,  the  casing  used  being 
4i  inches  or  a  little  larger.  Productive  sands  are  encountered  at 
depths  ranging  from  about  170  to  3S5  feet,  the  latter  figure  being  in 
the  Williams  well  on  Ortega  Hill. 

Product. — The  production  ranges  from  something  less  than  1  barrel 
to  2  or  3  barrels  a  day,  but  the  initial  production  for  some  of  the 
wells  is  said  to  have  been  greater.  The  average  for  the  Potomac 
group  was  in  1902  about  \\  barrels  a  day  each,  and  it  has  fallen  off 
but  little  in  the  last  four  years. 

The  gravity  of  the  oil  averages  about  1;")°,  varying  but  slightly 
above  or  below  this  figure.  The  oil  is  fairly  free  from  water  when  the 
wells  are  first  drilled,  but  with  the  lapse  of  time  the  proportion  of 
water  increast^s.  In  1902  the  Potomac  wells  were  yielding  1  to  4  per 
cent  of  water  and  1  to  2  per  cent  of  sludge  with  the  oil. 

Gas  accompanies  the  oil  in  practically  all  the  wells. 

Compan'uH. — Among  the  companies  and  individuals  who  have 
operated  in  this  area  are  II.  L.  Williams,  Potomac  Oil  Com])any,  Rob- 
erson  Oil  Company,  Churchill  Oil  Company,  Larson  Oil  Company, 
Seaside  Oil  Company,  and  Miller  Oil  Company. 
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AREA  NORTH  OF  THE  RAILROAD. 

Geology  and  structure. — The  oil  and  gas  wells  north  of  the  railroad, 
after  passing  through  the  Pleistocene,  penetrate  the  beds  near  the 
base  of  the  Fernando  which  dip  at  a  rather  low  angle  to  the  south. 
Beneath  the  Monterey-Fernando  unconformity  the  Monterey  beds 
probably  dip  steeply  southward,  as  they  do  in  the  hills  northwest  of 
Summerland.  Some  of  the  drillers,  however,  have  reported  steep 
northerly  dips  (probably  due  to  local  overturning  of  the  beds)  in 
some  of  the  wells  in  the  shale.  The  Fernando  beds  dip  very  gently 
southward  but  thin  rapidly  toward  the  north,  the  oil  sand  decreasing 
from  25  to  12  feet  within  200  or  300  feet. 

The  well  logs  indicate  from  10  to  25  feet  of  soil,  sand,  and  gravel 
(probably  Pleistocene);  60  to  120  feet  of  fine  sands  and  blue  clays, 
with  a  persistent  layer  of  blue  clay  at  the  bottom,  and  12  to  25  feet 
of  oil  sand,  the  top  of  which  is  penetrated  at  depths  of  70  to  145  feet. 

Wells. — ^With  the  exception  of  the  Cole  dug  well,  all  the  wells  in 
this  section  of  the  field  of  which  there  is  any  record  are  drilled,  the 
casing  usually  being  A\  inches  in  diameter. 

Product. — When  the  sand  was  first  tapped  the  production  of  the 
wells  ranged  from  1  to  as  liigh  as  12  barrels  a  day  for  some  of  the 
wells  in  the  central  part  of  this  area,  but  the  average  at  any  time  was 
never  over  3  or  4  barrels.  The  Cole  dug  well,  at  the  extreme  cast  end 
of  the  productive  territory,  4  feet  in  diameter  and  90  feet  deep, 
yielded  but  3  barrels  a  day.  •  The  group  of  12  Doulton  &  Wilson  wells 
in  the  central  part  of  the  area  are  said  to  have  averaged  10  barrels  a 
day  each  in  1895,  but  fell  off  to  6  barrels  each  by  July,  1896. 

Conrpanies. — The  following  are  among  the  companies  or  individuals 
who  have  operated  wells  in  the  area  north  of  the  railroad:  Alameda 
and  Santa  Barbara  Development  Company,  Eureka  Consolidated  Oil 
Company,  Stevens  &  Roberts,  Doulton  &  Wilson,  Bachus  &  Cravens, 
Loomis  Oil  Company,  Dewlaney  Oil  Company,  Cole  Oil  Company, 
Wakham  Oil  Company,  Goodnow  Oil  Company,  Williams  &  Easton, 
Turner  &  Darting. 

AREA  BETWEEN  THE  RAILROAD  AND  THE  BEACH. 

Geology  and  structure. — The  conditions  in  the  area  between  the  rail- 
road and  the  beach  are  a  southward  continuation  of  those  found  north 
of  the  railroad.     The  terrace  on  which  the  wells  are  sunk  averages 
between  25  and  30  feet  above  sea  level,  and  is  underlain  by  Pleistocene 
beds  which  dip  gently  northward  at  the  west  end  of  tlie  field  but  lie 
flat  farther  east.     Beneatli  the  Pleistocene  the  Fernando  beds  show 
dips  ranging  from  70*^  or  80°  S.  in  the  region  about  Lookout  Park  to 
22°  S.  in  the  territory  of  the  Seaside  Oil  Company,  400  or  500  feet 
farther  south,  and  fuially  to  practically  horizontal  in  the  eastern  part 
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of  the  field.  Tlie  wells  first  penetrate  10  to  20  feet  of  fine  sand  and 
5  to  10  feet  of  sand  and  cobblestones,  probabh  Pleistocene  in  age. 
These  beds  are  followed  by  150  to  170  feet  of  sand,  with  clay  and  some 
gravel,  a  persistent  clay  bed  occurring  at  the  bottom.  The  oil  sand 
is  encountered  below  the  clay  bed.  It  is  30  to  45  feet  thick  and 
underlain  by  clay.  The  oil  sand  becomes  unproductive  in  the  region 
a  short  distance  northeast  of  the  shore  end  of  the  Oxnard  wharf,  the 
eastern  of  two  adjacent  wells  located  here  being  entirely  unproductive 
while  the  western  once  3^ielded  a  little  oil.  The  following  log  of  one 
of  the  Seaside  Oil  Company's  wells  located  about  400  or  500  feet  east 
of  Lookout  Park  is  t\^ical  for  this  area: 

Log  of  Sccisidc  Oil  Company^s  tvcll  4'>0  or  500  feet  eaut  of  Lookout  Park,  Siunmrrland. 
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Water  is  encountered  in  the  sand  above  the  clay  layer  overlying 
the  oil  sand,  and  also  in  the  fine  sand  underlying  the  oil  sand.  At 
this  lower  horizon  it  is  associated  with  some  oil,  the  emulsi(m  of  the 
two  making  the  sand  ''(piick." 

Wells. — The  wells  in  this  area  are  all  drilled.  They  range  from 
about  150  to  240  feet  in  depth,  and  penetrate  tlie  oil  sand  at  125  to 
more  than  200  feet. 

Product. — In  their  prime  the  wells  produced  as  high  as  15  barrels 
a  day  each,  but  the  average  was  probably  never  more  than  .3  to  5 
barrels.  One  group  of  wells  which  produced  from  f)  to  10  barrels  a 
day  eacli  when  first  pumped,  soon  dro])ped  to  a  daily  average  of 
about  3  barrels,  which  was  held  for  two  years.  One  of  the  Wilson 
wells  (Xo.  2),  which  had  an  initial  flow  of  (mly  3  or  4  barrels  a  day, 
suddenly  rose  to  a  production  of  15  barrels  a  day  soon  after  it  started, 
and  kept  this  up  for  over  a  year  and  a  half,  although  the  adjacent 
wells  never  averaged  over  2  or  3  barrels  a  day  each.  It  seems  likely 
that  this  particularly  good  producer  must  have  penetrated  a  rich 
crevice  or  locally  extremely  ]>orous  place  in  the  oil-bearing  bed.  A 
group  of  wells  opposite  the  Lillis  wharf  and  south  of  the  railroad 
increased  in  production  wlien  the  wells  opposite  them  across  the 
track  were  abandoned. 

The  gravity  of  the  oil  ranges  from  12°  to  15^°  Baume,  the  lightest 
oil  coming  from  the  wells  at  the  east  end  of  the  iield.  The  average 
gravity  for  the  entire  area  is  probably  about  13''.  It  is  thought  that 
the  water  which  is  pumped  in  varying  amounts  with  the  oil  has  had  a 
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deletorious  effect  on  its  gravity,  those  wells  producing  tlie  lightest  oil 
pumping  the  least  water.  Traces  of  sludge  accompany  the  oil  and 
water  in  some  of  the  wells. 

Companies. — Among  the  companies  and  individuals  who  are  now 
operating  or  have  operated  in  this  area  are  the  following:  Alameda 
and  Santa  Barbara  Development  Company,  Doulton  &  Wilson, 
Forester  &  Treadwell,  W.  M.  S.  Moore,  Seaside  Oil  Company,  J.  C. 
Wilson,  California  Oil  C(mi])any,  Miller  &  Williams,  Roberson  Oil 
Company,  and  Packard  Oil  Company. 

BEACH  AND  WHARF  WELLS. 

Geology  and  structure. — The  formations  penetrated  by  the  beach 
and  wharf  wells  are  similar  to  those  found  in  areas  to  the  north, 
except  that  the  Pleistocene  is  lacking  and  in  its  place  is  a  veneer  of 
beach  sand  from  2  to  5  feet  in  thickness  covering  the  Fernando  sand- 
stones, shales,  and  clays.  Treadwell  (Southern  Pacific  Company) 
well  No.  15  encountered  gas  in  hard  shale  at  a  depth  of  about*  600 
feet,  and  this  is  supposed  to  represent  the  bottom  of  the  Fernando 
and  the  top  of  the  Monterey  in  this  part  of  the  field.  The  Fernando 
dips  southward  over  practicalh'  the  whole  region,  although  near  the 
Treadwell  wharf  it  has  a  local  low^  northerly  dip;  at  the  shore  end  of 
the  O-xnard  and  Duquesne  wharves  the  beds  assume  a  low  dip  pre- 
paratory- to  passing  over  the  I^)on  Point  anticline.  From  the  east 
end  of  the  field  westward  the  southerly  dip  in  the  Fernando  is  as 
follows:  Eastern  Ducpiesne  wharf,  15°;  western  Duquesne  wharf,  20°; 
Sea  Cliff  wharves,  21°;  Oxnard  wharf,  22°;  Treadwell  (Southern 
Pacific  Company)  wharf,  15°  to  low  north  dip;  North  Star  wharf, 
10°  to  50°;  and  Becker  wharf,  50°.  As  shown  by  the  sections  (Pis. 
VII,  VIII),  there  are  two  or  three  local  crumples  in  the  beds,  the  one 
first  showing  in  the  Oxnard  section  and  ])assing  thence  northwest- 
ward through  the  Treadwell  section  and  so  on*  into  the  region  north 
of  the  North  Star  and  Becker  wharves  being  the  most  persistent. 
(See  PI.  VIII,  p.  .*3S.)  Some  faulting  probably  accompanied  the 
folding  that  produced  this  wrinkle,  especially  toward  its  north  end. 
The  Loon  Point  anticline  dies  out  to  the  north  of  the  east  end  of 
the  beach  area,  so  that  it  apparently  exerts  little  influence  on  the 
accumulation  of  the  oil  over  most  of  the  territory  west  of  the  Sunset 
wells.  A  small  but  nevertheless  noticeable  crumple  in  the  oil  sand 
occurs  between  Becker  wells  Nos.  2  and  3  ami  between  North  Star 
wells  Nos.  2  and  3. 

Si»veral  oil  sands  are  met  in  the  wells,  the  principal  one  (A  in  fig.  3 
and  Pis.  VII,  By  and  VIII )  being  a  continuation  of  the  single  sand  found 
in  the  areas  to  the  north.  All  of  these  sands,  with  the  exception  of  the 
**oil  rock"  found  in  the  wells  at  the  east  end  of  the  area,  are  typical 
quartZvise  sands  ranging  from  grains  the  size  of  a  nmstard  seed  up  to 
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pebl)les  of  conside'rablo  size.  They  are  largely  "  (juick  "  or  ''heavino"' 
sands,  requiring: freciuent  removal  from  the  wells.  In  fact,  many  of  the 
wells  pump  considerable  sand  with  the  oil,  the  separation  of  the  two 
being:  accomplished  in  a  '^sand  box/'  Sand  A  ranges  in  thickness 
from  al)out  25  to  nearly  75  feet,  being  thinnest  near  the  shore  and 
thickest  toward  the  south  end  of  the  wharves.  The  evidence  offered 
by  the  wells  indicates  that  the  Fernando  was  laid  down  under  rapidly 
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Fig.  a.— (Jcologiesi^clionsthroiiphtht'Lillis,  Oxnard,  and  Sea  ClifT  wells.  A-A\B-B', and  C-C  »ho\v 
the  relations  of  the  oil  sands  aloiip  the  strike;  D-T)',  the  relations  across  the  strike.  A  de.signales 
prineipal  oil  sand.     Se«»  I'l.  VI  (p.  ?,r>)  for  location  of  seetions.     Figures  denote  number  of  wells. 

changing  conditions,  which  have  resulted  in  great  variations  in  the 
thickness  and  composition  of  the  same  bed  within  short  distances, 
these  variations  l)eing  very  marked  in  the  oil  sands,  as  well  as  in  the 
associated  layers.  (See  sections  in  fig.  li  and  Pis.  VII  and  VIII.)  The 
sands  contain  in  many  wells  included  clay  lenses  and  are  locally  split 
up  by  intercalated  clays.  The  variation  in  the  sands  is  apparent  not 
only  in  the  sections  which  cut  across  the  strike,  but  also  in  those  w^hich 
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parallel  the  strike,  as  is  showTi  in  fig.  3.  Sand  A  is  overlain  throughout 
this  area,  as  well  as  throughout  other  parts  of  the  field,  by  a  persistent 
tough  clay  layer  which  appears  to  be  almost  completely  impervious 
to  the  oil  below  and  the  water  above  it.  At  the  north  end  of  the  area 
(see  North  Star  and  Becker  sections,  PI.  VIII)  a  productive  oil  sand 
is  intercalated  in  the  lower  part  of  this  layer.  To  this  stratum  and  to 
similar  less  important  clays  above  the  other  sands  the  retention  of  the 
oil  in  the  porous  layers  is  due,  inasmuch  as  these  clays  act  as  barriers 
to  the  upward  migration  of  the  oil  toward  the  surface  from  the  Mon- 
terey shale  below  the  unconformity.  Had  it  not  been  for  the  clays 
nearly  all  of  the  oil  would  have  escaped  to  the  surface  to  form  asphalt 
deposits,  such  as  those  at  Carpinteria  and  other  places  along  the  coast, 
where  the  Monterey  shales  are  petroliferous,  but  where  the  conditions 
are  not  as  favorable  for  the  accumulation  of  oil  as  they  are  at  Sum- 
merland.  Sand  A  is  underlain  by  a  clay  stratum  which  in  turn  over- 
Hes  sand  B,  a  productive  layer  varying  from  a  mere  stringer  to  a  bed 
25  or  30  feet  thick.  Still  another  sand  below,  separated  from  B  by 
clay,  is  struck  in  some  of  the  wells.  The  oil  sands  below  A  are  not 
found  north  of  the  shore-line  w^ells,  indicating  that  they  pinch  out  and 
should  be  considered  more  in  the  nature  of  local  lenses  of  sand  rather 
than  beds  continuous  over  considerable  areas.  The  '^oil  rock"  pre- 
viously mentioned  occurs  below  the  B  sand  in  the  Duquesne  and 
adjacent  wells,  and  consists  of  hard  shale  in  which  is  found  an  oil  1° 
or  2°  lighter  than  that  occurring  in  the  true  sands.  Oil  is  also  derived 
from  crevices  in  the  clay  in  one  of  the  dug  wells  at  the  west  end  of  the 
field,  these  crevices  conforming  in  general  slope  to  the  dip  of  the  beds. 
The  following  are  two  typical  logs  from  this  area: 

Typical  log  of  well  on  the  shore  liite,  Summer  land. '^ 
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o  Watts.  W.  L.,  Bull.  California  State  Mining^ureau.  No.  19,  1900.  p.  102. 
Log  of  oiie  of  tlic  Duqm snc  irclh,  typical  of  those  at  east  end  of  wharf  area,  Summerland. 
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Above  the  persistent  elay  layer  over  sand  A  is  a  series  of  altcr- 
natin<j:  sand  and  elay  beds  earrvinir  water.  In  the  re»^ion  extending 
from  the  Beeker  wharf  to  theTreadwell  (see  PI.  VII,  B,  and  PI.  VIII, 
seetion  B,  p.  3S),  a  7r)-f()()t  stratum  of  sand  carrying  some  oil  with 
the  water  overlies  the  elay.  The  relations  of  the  oil  and  water  in  this 
bed  as  indieated  by  the  well  logs  are  very  interestin<^,  as  showing? 
that  under  eertain  eonditions  water  and  what  is  apparently  an  enuil- 
sion  of  water  and  oil  may  occupy  the  same  bed,  with  the  water  above 
or  up  the  slope  from  the  oil. 

Water  is  encountered  at  the  base  of  the  oil  sand  in  Oxnard  well 
No.  S,  at  the  south  end  of  the  wharf,  but  does  not  extend  northward 
or  up  the  slope  to  No.  7.  This  occurrence  indicates  that  the  water 
under  hydrostatic  pressure  is  followins:  up  the  oil  and  wnll  in  time 
probal)ly  replace  the  oil  as  the  latter  is  pumped  from  the  sands. 
Water  has  always  been  troublesome  in  the  beach  and  w^harf  area, 
but  much  of  the  difficulty  with  it  has  arisen  from  faulty  manipula- 
tion of  the  wells.  There  is  evidence,  however,  that  in  many  of  the 
wells  the  water  is  followintj:  up  and  replacing;  the  oil.  In  speaking 
of  the  oil  and  water  in  one  stratum  of  sand,  Mr.  Becker  informed 
Mr.  Eldridge  that  he  found  the  oil  in  the  upper  half  of  the  bed  and  the 
water  in  the  lower  half.  Just  after  piercing  the  stratum  and  w^hile 
the  gas  pressure  is  maintained,  the  oil  remains  distinct  from  the 
wat<»r,  but  after  the  gas  pressure  is  relieved  the  oil  is  gradually  per- 
meated by  the  water,  with  a  deterioration  of  the  oil  itself,  viz,  a 
lowering  of  the  gravity  of  the  oil  after  a  separation  of  the  two  com- 
ponents of  the  emulsion.  It  is  said  that  no  water  entered  w^ith  the 
oil  from  sand  B  for  over  a  year  after  the  wells  penetrated  it.  vSulphur 
water  is  encountered  in  a  clay  lens  in  one  of  the  Marine  Oil  Com- 
pany's wtUs  and  also  in  the  clay  between  the  first  and  second  oil 
sands  in  the  same  wells. 

IVV/fe.-— With  the  except i(m  of  three  ihig  wells  on  the  beach  at 
the  north  end  of  the  area,  all  of  the  wells  are  drilled,  the  casing  used 
ranging  in  diameter  from  about  4^  to  12  inches.  ''  In  drilling  beneath 
the  water  a  casing  larger  than  that  needed  for  the  drill  hole  is  put 
down  to  the  floor  of  the  ocean  and  forced  into  the  l)ed  rock  until 
the  ocean  water  is  securely  shut  out  of  the  drill  hole.  This  is  called 
a  conductor,  and  the  casing  of  the  well  is  put  down  inside  ^f  the 
conductor.""  The  main  oil  sand  (A)  is  penetrated  in  the  wells  at 
depths  of  125  to  about  325  feet.  The  range  of  <lepths  for  the  different 
wharves  is  as  follows:  Eastern  Ducpiesne,  160  to  815  feet;  western 
Ducpiesne,  200  to  325  feet;  Sea  (1i(l\  125  to  200  feet;  Oxnard,  125 
to  290  feet;  Treadwell  (Southern  Pacific  (\)mpany),  200  to  250  feet; 
North  Star,  5  to  350  feet :  Becker,  5  to  310  feet. 


«« Watts,  W.  I,.,  i;ull.  Califuriii.i  Slati-  .^liiiiii^  llur.Mii  No.  l'.».  l<n)0.  p.  102. 
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Product. — The  individual  production  of  tlie  drilled  wells  varies  from 
a  fraction  of  a  barrel  to  that  of  one  of  the  Duquesne  wells,  which  is  said 
to  have  had  an  initial  production  of  100  barrels  a  day.  It  is  claimed 
that  this  well  continued  this  production,  which  is  phenomenal  for 
this  field,  for  six  months,  but  finally  fell  off  to  an  average  of  3  or  4 
barrels  a  day.  The  general  average  for  the  wharf  wells  at  the  present 
time  is  between  1  and  2  barrels  a  day  each;  this  is  probably  less 
than  one-half  the  average  for  the  field  when  it  was  in  its  prime. 

Of  the  dug  wells,  the  best  producer  was  a  60-foot  hole  in  the 
bottom  of  which  was  sunk  17  feet  of  9|-inch  casing.  This  is  said  to 
have  been  capable  of  producing  100  barrels  a  day  at  one  time.  The 
other  dug  wells  ^nelded  from  3  to  10  barrels  a  day  each. 

The  best  production  has  usually  been  in  the  most-disturbed  strata. 
The  Williams  wells,  for  instance,  in  the  steeply  dipping  beds  at  the 
north  end  of  the  field,  have  been,  with  only  a  few  exceptions,  the 
best  producers.  Oxnard  No.  6,  the  best  producer  of  the  group,  is 
located  on  a  local  flexure  (see  PI.  VIII,  section  C,  p.  38),  and  so  there 
are  other  cases.  Xo.  12  of  the  eastern  Duquesne  wharf,  which  is  said 
to  have  been  a  100-barrel  well,  probably  tapped  a  locally  rich  place 
in  one  of  the  lower  sands.  The  initial  production  of  each  well  is 
ordinarily  about  twice  its  production  after  one  year  and  three  or 
four  times  its  production  after  two  years.  The  subjoined  record  of 
one  of  the  Duquesne  wells  illustrates  the  rate  of  decline  in  production: 

Decrease  of  pnxiuction  in  one  of  the  Duqiienne^  vella,  Summerhnid. 

Barrels  a  day.  Barrols  a  day. 

May,  1H98  (initial  flow) G         February  10,  i90() 2J 

Juno  S,  1899 :i         February  22,  1900 2\ 

January  J,  1900 3i"o      August  25.  1900 1^ 

The  wells  down  the  dip  usually  give  a  slightly  belter  yield  than 
those  higher  up  in  the  same  stratum,  although  in  the  case  of  the  wharf 
wells  this  may  be  due  in  part  to  a  thickening  of  the  strata.  The  good 
yield  of  some  of  the  wells  farthest  south  on  the  wharves  is  also 
explained  by  the  fact  that  they  tap  the  second  and  third  oil  sands, 
which  have  proved  to  be  in  places  exceptionally  productive.  In  the 
eastern  Duquesne  wells,  which  penetrate  two  sands,  no  well  pumps 
from  both  strata,  but  each  stratmn  is  pumped  in  alternating  wells, 
the  lower  stratum  being  the  more  ])roductive.  In  the  western 
Duquesne  wells  an  average  of  4  J  barn^ls  a  day  was  yielded  by  each 
of  the  14  wells  along  the  beach  which  tapped  the  upper  sand,  while 
the  six  wharf  wells,  which  obtained  their  petroleum  from  the  lower 
stratum,  produced  an  average  of  (ig  barrels  per  day. 

The  oil  obtained  from  the  wharf  and  beach  wells  ranges  in  color 

from  black  to  olive-brown,  the  latter  being  the  lighter,  and  in  gravity 

from  12°  to  1S°,  with  an  average  of  about  15°  Baunie.     The  heaviest 

oil  comes  from  -the  main  oil  sand  (A)  in  the  beach  wells  tliroughout 

1783— Bull.  321-07 4 
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the  central  part  of  the  area ;  the  14°  to  1 5°  oil  from  the  same  sand  in  the 
great  majority  of  the  wharf  wells;  the  16°  oil  largely  from  the  second 
or  B  sand;  the  17°  to  17i°  oil  from  the  "oil  rock"  below  the  main  oil 
sand  in  the  eastern  part  of  the  field ;  and  the  oil,  which  is  said  to  have 
tested  18°  from  Williams  No.  2  well,  in  the  highly  tilted  beds  at  the 
extreme  west  end  of  the  field.  Certain  wells  on  the  beach  and  edge 
of  the  bluff,  between  the  Becker  and  Treadwell  wharves,  are  said  to 
have  been  abandoned  because  the  sand  yielded  liquid  asphaltum  too 
heavy  to  pump.  Similar  asphaltum  is  also  reported  in  sand  A  at  the 
bottom  of  North  Star  No.  8,  although  the  oil  in  the  same  stratum  less 
than  100  feet  farther  north,  up  the  dip,  was  reported  as  of  15°  gravity. 

It  is  said  that  in  the  Sea  Cliff  wells  the  oil  in  the  upper  or  A  sand  is 
lighter  along  the  beach  than  southward  and  seaward  down  the  dip. 
Exactly  the  opposite  condition  is  reported  in  the  steeply  dipping  beds 
in  the  North  wStar  section,  where  (with  the  exception  of  the  very  heavy 
oil  in  the  bottom  of  No.  8)  the  lightest  oil  is  that  from  the  well  farthest 
out  on  the  wharf.  This  occurrence  of  the  lightest  oil  in  the  beds 
farthest  dovm  the  dip  is  by  far  the  most  common  in  the  California 
fields  so  far  examined  by  the  writer.  The  conditions  at  the  Sea  Cliff 
wells  may  be  explained  on  the  assumption  that  the  oil  reached  sand  A 
through  crevices  along  the  axis  of  the  Loon  Point  anticline  (see  PI. 
VI,  p.  36)  and  spread  southward  down  the  dip  of  the  beds,  losing  in 
gravity  as  it  migrated. 

Water,  sludge,  and  gas  accompany  the  oil  in  most  of  the  wells  of 
the  area.  The  product  ranges  from  an  initial  yield  of  oil  containing 
practically  no  water  to  an  emulsion  containmg  98  or  99  per  cent  of 
water.  The  average  emulsion  coming  from  those  wells  which  have 
received  fair  attention  contained  from  18  to  22  per  cent  of  water  at 
the  time  of  the  writer^s  visit  (1906).  Many  neglected  wells  produced 
practically  all  water,  with  only  occasional  tracer  or  blebs  of  oil.  It 
is  said  that  well  No.  14  on  the  eastern  Duquesne  wharf  pumped  prac- 
tically pure  oil  for  the  first  six  months,  after  wliich  water  gradually 
increased  up  to  22  per  cent,  but  that  the  net  production  of  oil  at  the 
time  it  contained  22  per  cent  of  water  was  greater  than  when  it 
pumped  oil  alone.  The  greater  fluidity  of  the  emulsion  in  this  case 
seemed  to  more  than  compensate  in  increased  production  for  the  loss 
of  quality  of  the  oil. 

Sludge  is  pumped  with  the  oil,  its  amoimt  ranging  from  a  trace  up 
to  45  per  cent. 

Companies. — The  companies  which  have  at  one  time  or  another 
operated  the  beach  and  wharf  wells,  named  in  the  order  of  the  wells 
from  east  to  west,  are  the  Duquesne  (Keith  and  Williams  wharves), 
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Southern  Pacific,  Sea  Cliff,  Oxiiard,  Lillis,  Sunset,  W.  M.  S.  Moore, 
Treadwell  (Southern  Pacific  Company),  Marine,  Kna])p,  McCall,  Santa 
Barbara  Oil  and  Mining,  North  Star,  Becker,  and  Williams. 

GAS  WELLS  IN  THE  SUMMERLAND  FIELD. 

General  statement. — In  addition  to  the  gas  wliich  accompanies  the 
oil  in  practically  all  the  wells  in  the  Summerland  field  there  are  more 
than  a  dozen  wells  which  have  produced  nothing  hut  gas.  Though 
the  flow  of  these  wells  was  more  or  less  powerful  at  first,  they  were 
quickly  exhausted  and  all  are  now  abandoned. 

Geology  and  structure .—i^me  of  the  wn^ls  obtamed  their  gas  from 
the  sands  near  the  base  of  the  Fernando  formation,  wliile  at  least 
three  are  believed  to  start  down  in  the  Monterey  shale  and  penetrate 
gas  accumulations  in  thLs  formation.  In  both  cases  the  beds  dip  to 
the  south,  the  Fernando  lying  at  a  low  angle  unconformably  over  the 
Monterey,  whicli  is  believed  to  be  steeply  tilted.  The  strata  that 
yielded  the  gas  in  the  Fernando  are  believed  to  be  practically  at  the 
same  horizon  as  sand  A,  which  produces  the  oil  in  the  wells  a  little 
farther  south.  In  one  of  the  Cone  welLs,  in  the  eastern  part  of  the 
town,  the  gas  occurs  at  600  feet  below  the  surface,  wliile  oil  Ls  obtained 
25  feet  fartlier  down.  This  o(;currence,  together  with  the  general 
position  of  the  gas  wells  at  the  top  of  the  Sunmierland  monoclme,  is 
interesting  in  substantiating  the  theorj"  that  wherever  oil  and  gas 
occur  separately  in  the  same  bed  the  gas  will  always  be  found  at  the 
top.  In  fact,  the  Summerland  field  as  a  whole  furnishes  a  good  illus-  . 
tration  of  the  conditions  postulated  by  the  anticlinal  theory,  wliich 
states  that  when*  water,  oil,  and  gas  are  found  separately  m  the  same 
bed  the  water  will  be  found  lowest,  the  oil  next,  and  the  gas  at  the 
top.  The  A.  C.  Doane  well,  at  the  southwest  corner  of  Wallace  ave- 
nue and  Evans  street,  is  typical  of  those  wliich  obtain  gas  from  the 
Fernando  oil-bearing  horizon.  It  passes  through  reddish  clay  to  70 
feet  and  gas  sand  to  83  feet,  tlie  clay  fonning  the  impervious  cap. 

In  all  the  wells  in  the  ilonterey  the  gas  was  found  under  a  hard 
Vuny  shell  layer,  which  had  apparently  been  impervious  to  the  gas. 
Traces  of  oil  occur  in  the  sandy  layers  in  these  wells  below^  the  level 
of  the  gas.  The  following  log  of  one  of  the  Darling  Brothei-s'  welLs 
iji  the  northwestern  part  of  Sunmierland  is  typical  of  the  gas  wells  in 
the  Monterey  shale. 
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Loij  of  Darliruj  Brothers'  (jas  tvell  on  lot  32,  block  25,  S\immrrlaiid. 
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Production  of  the  wells. — The  gas  wells  range  in  diameter  from  2\ 
to  4^  inches,  the  shallowest  usually  being  the  smallest.  The  pressure 
of  the  gas  was  strong  at  first,  but  gradually  fell  off.  One  well,  104 
feet  deep,  is  said  to  have  thrown  mud  and  dirt  40  feet  in  the  air  when 
the  gas  sand  was  first  penetrated.  One  of  the  Darling  wells  started 
in  1891  with  a  pressure  of  8  pounds  to  the  square  inch  and  furnished 
gas  to  17  families.  In  1895  the  pressure  had  fallen  to  1  pound  to  the 
square  inch.  The  three  Cone  wells  supplied  20  families  at  first,  but 
in  four  years  fell  off  until  they  yielded  barely  enough  gas  for  3 
families.  The  Cone  wells  had  about  the  most  enduring  supply  of  all 
in  the  field. 

One  of  the  most  interesting  phenomena  in  relation  to  the  gas  sup- 
ply in  the  gas  wells  and  oil  wells  is  the  influence  of  the  weather  or 
(hmseness  of  the  atmosphere  on  the  flow.  In  speaking  of  the  Darl- 
ing Brothers'  wells,  Watts  says:"  ''It  is  stated  that  during  a  north 
wind  these  wells  yield  a  strong  flow  of  gas,  but  when  the  wind  ceases 
the  gas  ceases  to  flow  and  a  current  of  air  is  drawn  down  the  well  for 
several  hours.  In  one  instance,  the.  latter  phenomenon  was  noticed 
to  continue  for  two  days  before  inflammable  gas  again  flowed  from  the 
well."  It  would  seem  that  such  phenomena  would  result  in  a  dan- 
gerous mixture  of  air  and  gas,  but  so  far  as  the  writer  is  aware  no 
serious  accidents  accompanied  the  use  of  the  gas  for  domestic  pur- 
poses. In  the  Doane  wells  a  heavy  north  wind  caused  the  cessation 
of  the  gas  flow  entirely,  this  action  being  exactly  contrary  to  the 
phenomena  noted  in  the  Darling  wells.  The  gas  in  some  of  the  oil 
wells  on  tlie  beach  was  said  to  have  increased  in  volume  and  the 
wells  to  have  pumped  better  at  high  tide  and  in  stormy  weather.     It 

a  Bull.  Ciilifomia  State  Mining  Bun-au  No.  11,  \s<m\,  p.  .%. 
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was  also  noted  that  when  the  Santa  Barbara  Oil  and  Mining  Com- 
pany's well  No.  6,  on  the  edge  of  the  bluff,  was  pumped  the  gas  flow 
ceased  in  Xo.  1 1 ,  which  was  located  30  feet  farther  north. 

SUMMARY  OF  CONCLUSIONS  CONCERNING  THE  OIL. 

The  oil  in  the  Summerland  field  originates  by  a  slow  process  of  dis- 
tillation from  the  diatoms  and  other  organisms  in  the  Monterey 
(middle  Miocene)  shale,  which  is  abundantly  developed  in  the  region. 
iVfter  its  formation  quantities  of  the  oil  migrate  upward,  largely 
through  joint  cracks,  under  gas  or  hydrostatic  pressure,  and  accu- 
mulate in  the  Fernando  formation  in  porous  sandstones  under  rela- 
tively impervious  clay  layers.  The  reason  that  the  oil  does  not  con- 
tinue its  upward  migration  through  the  Fernando  to  the  surface  is 
because  the  plastic  condition  of  certain  clay  beds  in  that  formation 
precludes  the  production  of  cracks  that  could  act  as  channels  for  the 
oil.  In  certain  places,  however,  notably  at  the  north  end  of  the  field, 
the  Fernando  beds  have  been  so  steeply  tilted  that  some  of  the  oil 
has  migi'ated  along  the  sandy  layers  and  accumulated,  with  a  loss  of 
volatile  constituents,  in  the  unconformably  overlying  Pleistocene 
sands  and  gravels. 

The  migration,  accumulation,  and  characteristics  of  the  oil  are 
largely  influenced  by  the  composition  and  structure  of  the  containing 
formation.  The  composition  of  the  Monterey  shale  and  certain  por- 
tions of  the  shale  at  the  base  of  the  Fernando  is  such  that  the  oil  can 
nugrate  through  them  readily  only  when  they  are  in  a  more  or  less 
fractured  condition.  As  a  result  of  this  characteristic  the  largest 
accumulations  of  oil  in  the  Monterey  occur  in  the  more  gently  folded 
beds,  such  as  along  the  anticline  east  of  Carpinteria,  while  the  impor- 
tant deposits  in  the  Fernando  lie  over  or  near  the  more  intensely 
fractured  portions  of  the  Monterey. 

The  migration  of  the  oil  and  its  accumulation  in  the  porous  mem- 
bers of  the  Fernando  are  governed  largely  by  the  structure.  The 
transference  and  collection  appear  to  vary  with  the  degree  of  dip, 
the  greatest  accumulations,  other  things  being  equal,  occurring  in 
the  most  highly  tilted  strata.  This  is  illustrated  by  the  greatest 
producers  of  this  region,  most  of  which  penetrate  the  steeply  dipping 
beds  at  the  north  end  of  the  field. 

The  oil  deteriorates  with  upward  migration  both  in  the  Mon- 
terey shale  and  in  the  Fernando  formation.  This  deterioration 
in  the  Monterey  is  exemplified  by  the  llincon  well,  wliich  yields  oil 
of  20°  gravity,  whereas  heavier  oil  and  even  asphaltum  is  obtained 
at  the  neighboring  Monterey  outcrops.  In  the  Fernando  formation 
the  wells  on  the  western  Duquesne  wharf  offer  a  striking  illustration, 
the  gravity  of  the  oil  here  being  17°  to  17  \°  in  the  lowest  oil  stratum, 
16*^  in  the  next,  and  H""  in  the  uppermost.     The  Oxnard  and  several 
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other  groups  also  present  good  examples,  the  lower  sand  in  the 
Oxnard  wells  yielding  ir^]""  oil,  while  that  in  the  upper  sand  is  14°. 
In  it^  migration  upward  through  sand  A  in  the  Beeker  wells  the  oil 
declines  in  gravity  from  15°  to  14°  and  fmally  to  13°  within  a  hori- 
zontal distance  of  less  than  150  feet  up  a  45°  slope.  (See  PL  VIII, 
section  A,  p.  38.)  An  apparent  anomaly  .occurs  in  tliis  same  group 
of  wells,  heavy  oil  of  13°  or  less  occurring  doAVTi  the  dip  below  and 
in  the  same  sand  with  the  15°  oil.  Another  apparent  anomaly  is  shown 
in  the  Oxnard  section  (PI.  VIII,  section  C),  in  the  occurrence  of  15^° 
oil  in  the  Miller  wells  at  a  much  higher  point  than  the  14°  oil  in  the 
wells  out  on  the  wharf.  This  occurrence  may  be  explained  on  the 
hypothesis  that  the  Miller  oil  migrated  upward  through  the  joint 
cracks  in  the  heart  of  the  Loon  Point  anticline  rather  than  into  sand 
A  at  points  on  its  flank  and  thence  up  along  the  sand  stratum.  An 
alternative  but  less  likely  explanation  of  such  phc^nomena  is  that 
for  some  reason  the  oil  loses  in  gravity  as  it  passers  upward  in  the 
steeply  dipping  beds,  while  in  beds  of  low  dip  the  lightest  oil  is  found 
at  the  top.  Other  things  being  equal,  it  is  generallj"  true  that  lighti^r 
oil  comes  from  the  finer  sediments. 

In  any  closed,  tilted  reservoir,  such,  for  instance,  as  sand  A,  the 
water,  oil,  and  gas  separate  according  to  their  specific  gravities,  the 
water  occurring  down  the  slope,  the  oil  above  this,  and  the  gas  in 
the  uppermost  parts  of  the  bed.  Within  the  reservoirs,  especially 
in  those  portions  wliich  are  less  steeply  inclined,  the  oil  and  water 
may  occupy  adjacent  zones  parallel  to  the  bedding  planes,  with  no 
parting  of  clay  or  other  impervious  matter  between.  Neither  the 
oil  nor  the  water  in  such  cases  is  pure,  but  each  contains  greater  or 
Jess  amounts  of  the  other.  It  is  because  of  the  accunmlation  of  the 
oil  in  the  top  of  the  oil  sand  in  the  manner  described  above  that 
many  of  the  wells  penetrate  only  a  portion  of  the  stratmn.  (See 
fig.  3,  sections  A- A'  and  B-B\  p.  44.) 

The  association  of  oil  with  water  has  a  deleterious  effect  on  the 
gravity  of  the  oil.  For  example,  oil  pumped  from  a  certain  sand 
in  the  Summerland  field  had  a  constant  gravity  until  water  began 
to  enter  the  well,  when  it  wtis  noticed  that  the  gravity  of  the  oil  after 
separation  from  the  enmlsion  was  less  than  it  was  before  the  water 
came  in. 

WELLS  AT  OTHER  LOCALITIES  IN  THE  SUMMEftLAND  DISTRICT. 
WELLS    NEAR    LOON    POINT. 

Several  prospect  wells  have  been  put  down  in  the  Fernando  forma- 
tion near  Loon  Point,  about  a  mile  east  of  the  Summerland  field, 
but  none  were  successful,  although  oil  sands  with  traces  of  oil  were 
penetrated  in  most  of  them.    It  is  the  opinion  of  the  writer  that  the 
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paucity  of  petroleum  is  due  to  the  position  of  the  Fernando  beds, 
which  are  beUeved  to  overUe  here  the  nonbituminous  Vaqueros 
rather  than  the  petroHferous  Monterey  as  they  do  farther  north  in 
the  Smnmerland  field.  The  position  of  the  Loon  Point  wells  relative 
to  the  anticline  is  apparently  advantageous  and  the  only  reason 
that  can  be  assigned  for  their  nonproductiveness  is  that  stated  above. 
Some  of  the  wells  attained  a  depth  of  500  feet,  but  none  were  ever 
operated.  The  Fischer  dug  well,  one-fourth  mile  north  of  the  point, 
was  124  feet  deep  and  reported  small  quantities  of  heavy  dark-green 
oil.  The  following  log  of  the  Nott  &  Webber  well,  put  dowTi  from 
the  end  of  a  310-foot  wharf  one-half  mile  west  of  Loon  Point,  is  char- 
acteristic of  the  wells  in  this  vicinity: 

Log  of  Nott  <Sc  Webber  vdl,  one-half  mile  west  of  Loon  Point. 


Sandstone,  blue  clay,  and  occasional  2-foot  to  3-foot  sand  and  gravel  l>ed8  with  water. 
Brown  and  chocolate-colored  shale,  with  stratum  of  water  tapped  at  4tiO  feet  flowing 

over  collar 

Clay,  with  streaks  of  oil  sand  cjirrying  oil 


Thick- 


Depth. 


Ffft. 
380 


150 
30 


Feet. 
380 


530 
500 


Water  in  this  well  would  stop  flowing  when  the  well  next  to  the 
southernmost  on  the  Duquesne  wharf,  three-eighths  of  a  mile  west  of 
Nott  &  Webber's  wharf,  was  pumped.  When  the  Duquesne  well 
stopped  pumping  Nott  &  Webber's  well  would  flow  again,  but  water 
always  reached  the  top  of  the  casing  in  the  Nott  &  Webber  well,  even 
when  the  Duquesne  well  was  pumped.  It  was  calculated  that  the 
Nott  &  Webber  well  was  in  strata  150  feet  deeper  than  that  of  the 
Duquesne,  which  contained  the  water. 

WELLS    NEAR    CARPINTERIA    AND    RINCON    CREEK. 

Several  wells,  at  least  one  attaining  a  depth  of  over  3,000  feet,  have 
been  sunk  on  the  lowlands  in  the  region  near  Carpinteria  and  the 
mouth  of  Rincon  Creek,  5  to  8  miles  east  of  Summerland.  Traces 
of  oil  were  foxmd  in  all  of  them,  but  none  so  far  have  been  highly 
successful.  In  all  the  wells  the  strata  penetrated  beneath  the  super- 
ficial Pleistocene  deposits  have  been  the  Monterey  (middle  Miocene) 
bitiuninous  shale,  which  lies  in  steeply  dipping  positions  throughout 
this  coastal  belt. 

The  most  important  and  deepest  well  is  that  of  the  Columbia  Oil 
and  Asphalt  Company,  located  on  the  north  side  of  the  railroad  one- 
half  mile  east  of  the  asphalt  mine  at  Carpinteria.  ,It  is  put  down  in 
line  with  the  axis  of  a  sharp  anticline  which  extends  into  the  ocean 
about  a  mile  east  of  the  mouth  of  Carpinteria  Creek,  near  the  edge 
of  the  area  show^n  on  the  map.  No  definite  information  concerning 
the  well  was  obtainable  at  the  time  of  the  writer's  visit  (October, 
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1906),  but  the  following  notes  were  gleaned  from  various  sources: 
The  well  penetrates  shale  throughout  the  greater  part  of  its  depth,  is 
about  3,000  feet  deep,  and  encounters  artesian  water  with  a  head  of 
12  feet  at  100  to  150  feet,  asphaltuiu  at  1,200  to  1,400  feet,  and  oil 
in  sandy  layers  in  the  lower  100  feet.  The  oil  in  the  sump  is  black 
and  heav}%  although  it  is  said  by  the  operators  that  oil  of  37®  gravity 
was  struck  near  the  bottom.  The  oil  is  accompanied  by  a  strong  gas 
pressure.  Gas  was  also  encountered  with  the  asphaltum  between 
1,200  and  1,400  feet,  forcing  the  asphaltum  up  in  the  hole  for  a  dis- 
tance of  180  feet  when  first  struck.  Only  a  small  amoimt  of  oil  was 
on  the  sump,  indicating  that  the  production  of  the  well  is  probably 
not  large. 

Several  years  ago  a  well  was  sunk  in  the  shale  at  the  edge  of  the 
bluff  about  one-fourth  mile  east  of  the  asphalt  mine.  Hea\^'  oil  was 
struck,  but  it  was  too  viscous  for  pumping,  and  the  well  was  aban- 
doned. The  casing  of  this  hole  still  protrudes  from  the  ground,  and 
a  heavy  oil  accompanied  by  considerable  gas  is  slowly  escaping  from 
it.  It  is  said  that  a  second  well  was  sunk  a  short  distance  farther 
northeast,  but  that  no  oil  of  consequence  was  encountered  in  it.  As 
the  first  well  is  near  the  northern  limit  of  a  highly  disturbed  zone, 
it  seems  verj^  likely  that  the  reason  no  oil  was  encountered  in  the 
second  well  was  because  it  penetrated  beds  which  were  so  little  frac- 
tured that  the  oil  had  no  channels  of  migration  through  them. 

In  1894  a  4  by  6  foot  well  was  dug  to  a  depth  of  354  feet  by  IP.  C. 
Iliggins,  on  the  seashore  one-half  mile  west  of  the  asphalt  mine. 
Puq)lish  bituminous  shale,  with  casts  of  the  fossil  Pecten  peckJiami 
Gabb,  was  the  only  formation  penetrated,  and  no  oil  was  encountered. 

A  400-foot  well  was  drilled  by  J.  Heath  on  the  Hill  ranch  just  north 
of  the  mouth  of  Rincon  Creek,  oil  being  struck  in  small  quantities 
from  150  feet  downward. 

Watts  ^  gives  the  following  reference  to  prospect  wells  of  the  Arctic 
Oil  Company  east  of  Carpinteria: 

Well  No.  1,  7  miles  south  of  Rincon  Creek,  1,825  feet  deep;  formation,  red  sandstone; 
no  oil.  Well  !So.  2,  50  feet  distant  from  well  No.  1,  2,100  feet  deep;  formation,  red 
simtlstone;  no  oil.  Well  No.  3,  on  Southern  Pacific  Railroad  1}  miles  east  of  Carpin- 
teria; conglomerate  and  sandy  shale  to  700  feet;  shale  and  sandstone  to  1,200  feet; 
liquid  asphaltum;  well  aV)an(loned. 

The  conglomerate  here  mentioned  is  probably  the  Pleistocene  gravel 
and  sand,  which  overlies  the  Monterey  shale  to  a  depth  of  over  a  him- 
dred  feet  in  the  region  northeast  of  Carpinteria. 

At  the  time  of  the  wTiter's  visit  to  Carpinteria  (October,  1906) 
it  was  reported  that  a  well  was  being  sunk  at  Shepards,  2  miles  north- 
east of  the  mouth  of  Kincon  Creek,  but  no  data  concerning  its  depth 
or  the  formation  penetrated  were  obtainable. 

"Bull.  Cttlifornia  Stutc  Mining  Bureau  No.  19,  1900,  p.  104. 


Digitized  by  VjOOQIC 


BKSORIPTION   OB'    THK    WELLS.  55 

WELLS   IN   THE    MOUNTAINS  NORTHEAST  OF  SUMMERLAND. 

Several  wells  have  at  different  times  been  put  down  in  the  Topatopa 
formation  (Eocene)  in  the  mountains  east  and  northeast  of  Summer- 
land.  The  wells  have  all  been  located  near  oil  springs  or  seepages, 
and  have  without  exception  yielded  traces  and  some  of  them  com- 
mercial quantities  of  oil.  Light  yields  and  lack  of  proper  transporta- 
tion and  market  facilities  have  discouraged  development,  and  at  the 
present  time  none  of  the  wells  are  being  operated.  Among  the  wells 
are  those  of  the  Santa  Barbara  Oil  Company  in  Oil  Canyon,  the  Occi- 
dental Mining  and  Petroleum  Company  in  Toro  Canyon,  the  Santa 
Monica  Oil  Company  in  Santa  Monica  Canyon,  and  the  Pinal  Oil 
Company  at  the  mouth  of  Arroyo  Parida.  These  wnll  be  briefly 
described. 

Two  wells  were  drilled  by  the  Santa  Barbara  Oil  Company  in  Oil 
Canyon  about  3J  miles  northeast  of  Summerland.  The  rocks  here 
exposed  are  the  overturned  upper  Topatopa  shale,  which  dips  steeply 
at  angles  ranging  from  60°  N.  to  vertical ;  oil  springs  occur  in  them 
in  the  immediate  neighborhood  of  the  wells.  The  wells  start  down  in 
the  shale,  but  may  penetrate  to  the  stratigraphically  higher  but 
actually  lower  upper-sandstone  belt.  The  wells  are  between  500  and 
600  feet  deep,  and  yielded  small  quantities  of  oil  and  much  gas. 

Seven  wells  and  one  tunnel  have  been  sunk  by  the  Occidental 
Mining  and  Petroleum  Company  in  Toro  Canyon  about  31  miles 
northeast  of  Summerland  and  three-fourths  of  a  mile  west  of  those  of 
the  Santa  Barbara  Oil  Company  just  described.  The  fonnation  at 
the  Occidental  wells  is  the  same  as  that  in  Oil  Canyon,  and  the  wells 
doubtless  derive  their  oil  from  the  same  zone.  The  wells  range  in 
depth  from  200  to  1,100  feet.  Four  of  them  were  classed  as  produc- 
tive and  three  drj^  although  the  latter  contained  traces  of  oil.  No.  1 
is  said  to  have  produced  a  total  of  5,000  barrels  and  No.  5  was  rated 
as  a  5-barrel  well;  the  average  for  the  productive  wells  was  about 
2  to  3  barrels  a  day  each.  In  August,  1895,  only  one  well  was  pump- 
ing, and  the  oil  from  this  was  largely  mixed  with  water.  The  oil  is 
black  and  of  17°  Baum6  gravity  when  it  first  comes  from  the  wells, 
but  on  standing  for  a  Uttle  wliile  drops  to  14°.  The  tunnel  is  511 
feet  long  and  runs  in  a  N.  10°  E.  direction  into  the  mountains.  It 
penetrates  sandstone  composed  of  (juartz,  feldspar,  and  green  and 
reddish  minerals,  interbedded  with  the  greenish  shale.  It  yielded 
little  oil  but  nmch  water,  and  the  latter  is  now  being  used  in  Sununer- 
land.     An  analysis  of  this  water  is  given  on  page  24. 

The  well  of  the  Santa  Monica  Oil  Company  is  located  2  miles  north 
of  Carpinteria,  near  the  mouth  of  Santa  Monica  Canyon.  It  starts 
dowTi  in  the  lowest  wSespe  sandstone,  which  here  dips  60°  S.  10°  W., 
and  penetrates  the  alternating  sandstone  and  shale  of  the  uppermost 
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Topatopa.  A  yield  of  8  barrels  a  day  of  18°  amber-colored  oil  accom- 
panied by  strong  gas  pressure  was  encountered  at  400  feet.  At  700 
feet  a  strong  flow  of  sulphur  water  'browned  out"  the  oil  and  the 
well  is  now  abandoned. 

The  Pinal  Oil  Company  is  putting  down  a  well  at  the  mouth  of 
Arroyo  Parida  Canyon,  about  3}  miles  east  of  Summerland.  It 
penetrates  the  lowest  Sespe  sandstone  and  the  uppermost  Topatopa 
alternating  sandstones  and  shales,  which  here  dip  60°  S.  It  is  thought 
that  the  well  will  reach  the  oil  in  sands  under  a  certain  shell  at  a  depth 
of  something  more  than  1,000  feet. 

WELLS    WEST    OF    SUMMEKLAND. 

Several  well«  have  been  drilled  in  the  region  west  of  Summerland, 
but  few  data  concerning  them  are  available.  The  following  refer- 
ences by  Watts"  are  self-explanator}-: 

Illinois  Oil  and  Asphalt  Company. — Has  a  well  on  the  soashon*  at  Montecito.  Forma- 
tion, yellow  clay  and  sand  to  200  feet;  blue  clay  and  (juicksand,  with  ga.*<,  to  260  feet; 
blue  shale  to  280  feet,     rnfmished  June,  1900. «> 

Santa  Barbara  and  Naples  Oil  and  Land  Company. — The  territory  operated  by  this 
company  is  near  the  seashore  about  15  mih  s  west  of  Santa  Barbara.  In  June,  1900,  this 
company  was  drilling  a  well,  the  formation  penetrated  being  principally  shale  to  a 
depth  of  450  feet,  with  some  showing  of  gas  and  oil. 

CONCIiUSION8  CONCKUNIXG  FUTURE  DEYKT.OPMEXT. 

General  statement. — It  must  be  continually  borne  in  mind  that 
absolute  determination  of  the  possibilities  of  occurrence  or  nonoccur- 
rence of  oil  in  any  one  locality,  by  work  on  the  surface,  even  when 
augmented  by  a  study  of  the  known  underground  conditions  in 
developed  territory,  is  not  possible.  The  best  that  can  be  done  is  to 
calculate  the  degree  of  probability  on  the  basis  of  a  summation  of 
indications  and  structural  conditions.  The  following  conclusions  con- 
cerning the  prospects  of  the  Summerland  district  are  offered  simply  as 
the  personal  opinion  of  the  writer  after  a  study  of  this  district. 

Summerland  f  eld  proper. — As  regards  the  region  immediately  about 
Summerland,  it  is  quite  evident  that  the  limits  of  the  productive  ter- 
ritory for  wells  of  moderate  depth,  say  up  to  600  feet,  have  been  pretty 
well  outlined.  The  question  for  this  territory  seems  to  be  more  one  of 
transportation  facilities,  markets,  and  cooperation  among  the  opera- 
tors than  of  unknown  possibilities  of  development.  There  is  certainly 
considerable  territory  between  the  Becker  and  Duciuesne  wharves, 
not  to  mention  other  undriUed  territory  in  the  northern  part  of  the 
field,  that  should  yield  good  returns  for  the  cost  and  care  of  wells  if  the 
price  of  oil  was  what  it  w  as  a  few  years  ago.     I'ntil  the  j)rice  rises  or 

oBull.  California  Stat*-  Mininp  IJumui  No.  19.  UXK).  p.  la-j. 

t  Afl  this  well  was  not  being  operated  in  OctoU^r,  1900,  it  is  ussunied  that  It  was  a  failure. ~R.  A. 
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until  cheaper  transportation  rates  are  obtained,  however,  it  seems 
useless  to  carry  on  further  development. 

The  conditions  of  structure  do  not  appear  to  favor  the  probability 
of  striking  remunerative  deposits  of  oil  by  deep  drilling.  It  is  true 
that  oil  would  probably  be  encountered  in  wells  2,000  or  more  feet  in 
depth  put  down  almost  any\vhere  over  the  territor}^  underlain  by  the 
^hmterey  shale,  but  the  steep  dips  and  dose  texture  of  the  shale 
apparently  preclude  the  accumulation  of  such  great  deposits  of  oil  as 
are  found  in  fields  where  the  rocks  are  less  steeply  inclined  and  more 
porous. 

Region  near  Carpinieria. — The  last  paragraph  is  as  applicable  to  the 
region  about  Carpinteria  and  to  the  east  as  far  as  the  contorted  con- 
dition of  the  shale  extends  as  it  is  to  that  territory  about  Summerland 
which  is  underlain  by  the  Monterey.  More  or  less  oil  is  inclosed  in  the 
shale  and  in  local  interbedded  sandstones,  but  it  does  not  appear 
likely  that  heavy  producers  will  ever  be  encountered  in  a  region  of 
such  distortion  and  fracturing  as  is  prevalent  in  the  Monterey  shale  all 
along  this  part  of  the  coast,  although  in  certain  facies  of  the  shale 
fracturing  seems  to  be  essential  to  the  migration  of  the  oil  within  or 
through  it. 

Region  west  of  Montedto. — It  is  thought  that  wells  sunk  deep 
enough  to  penetrate  the  basal  beds  of  the  Fernando  formation  in  the 
region  of  the  Montecito  anticline  (see  PI.  I,  p.  LS),  which  extends 
indefinitely  west-northwestward  from  the  coast  1  mile  west  of  Monte- 
cito Landing,  will  strike  deposits  of  oil  of  about  the  same  quality  as 
the  best  of  that  encountered  at  Summerland. 

Region  of  the   Topatopa  formation   {Eocene)  northeast  of  Su/mmer' 

land. — In  the  light  of  the  development  which  has  already  taken  place 

in  Toro,  Oil,  Santa  Monica,  and  Arroyo  Parida  canyons  it  seems 

almost  certain  that  light  producers  (averaging  from  2  to  6  or  8  barrels 

a  day  of  14°  to  18°  oil),  1,000  feet  or  less  in  depth,  could  be  put  down 

at  many  places  along  the  contact  between  the  upper  Topatopa  shale 

and  sandstone  zones  or  the  contact  between  the  Topatopa  and  Sespe 

formations  in  the  region  northeast  of  Summerland.     The  oil-bearing 

strata  in  both  of  these  belts  are  apparently  confined  to  the  upper  part 

of  the  Topatopa,  and  to  obtain  productive  wells  is  simply  a  question 

of  locating  places  where  the  structure  ap])ears  most  advantageous  for 

the  accumulation  of  the  petroleum.     The  region  near  the  Arroyo 

Parida  fault,  toward  the  east  end  of  the  area  covered  by  the  map, 

appears  promising,  although  the  wells  here,  especially  on  the  north 

side  of  the  fault,  would  have  to  go  much  deeper  to  strike  the  oil  zone 

than  they  do  at  the  tested  localities. 
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piiYsicAi.  ANi>  ciiEMicAi.  propp:rtip:s  of  the  oir,. 

PHYSICAL  PROPERTIES. 
COLOR. 

Nearly  all  of  the  oil  in  the  Summerland  field  is  dark  brown  or  black. 
The  exceptions  to  this  are  the  olive-brown  oil  from  some  of  the  Becker 
and  Potomac  wells,  at  the  north  end  of  the  field,  -and  a  heavy  dark 
green  oil  from  the  Fischer  dug  well,  near  Lo(m  Point.  The  oil  from 
the  wells  penetrating  the  Monterey  shale  (middle  Miocene),  in  the 
vicinity  of  Carpinteria  and  farther  east  is  black,  as  is  also  that  from 
the  Occidental  wells  sunk  in  the  Topatopa  formation  (Eocene)  in  Toro 
Canyon.  An  amber-colored  petroleum  is  reported  from  the  Santa 
Monica  Oil  Company's  well  in  the  Topatopa  sandstone  north  of 
Carpinteria. 

GRAVITY. 

The  gravity  of  the  oil  from  the  Summerland  field  ranges  from  9"^  to 
18°  Baume,  the  average  being  between  14°  and  15°.  The  Summerland 
oil  and  that  from  certain  portions  of  the  Los  Angeles  district  are  the 
heaviest  of  the  California  oils.  The  oil  from  the  Monterey  shale  in  the 
region  about  Carpinteria  and  Rincon  ranges  from  liquid  asphalt 
(gravity,  about  9°  Baum6)  to  the  20°  petroleum  from  the  Rincon  well. 
It  is  claimed  that  oil  of  37°  gravity  is  found  in  the  Columbia  Oil  and 
Asphalt  Company's  well  at  Carpinteria,  but  none  of  this  light  oil  was 
seen  by  the  writer.  The  gravity  of  the  oil  from  the  Occidental  wells 
(in  the  Topatopa  formation)  is  said  to  be  17°  when  it  first  comes  from 
the  wells,  but  to  fall  soon  to  14°  on  exposure  to  the  air.  The  same  for- 
mation yields  18°  oil  in  the  Santa  Monica  well  north  of  Carpinteria. 

The  lightest  oil  in  the  Sunmierland  field  is  found  in  the  main  sand 
(A),  in  the  beds  of  steepest  dip  at  the  north  end  of  the  field;  in  prox- 
imity to  the  local  anticline  or  fault  in  the  Potomac  wells,  also  at  the 
north  end;  in  the  Miller  and  Williams  wells  near  the  axis  of  the  Loon 
Point  anticline,  at  the  east  end;  and  in  the  seccmd  and  third  sands  in 
the  region  of  the  Du([uesne  wharv^es.  The  heaviest  oil  comes  from 
some  of  the  beach  and  bluff  wells  between  the  North  Star  and  Tread- 
well  wharves.  In  general,  the  oil  in  any  bed  improves  in  quality  down 
the  dip,  although  in  the  Sea  Clifi"  wells  the  opposite  is  said  to  be  true. 
Water  in  the  wells  south  of  the  railroad  is  beHeved  to  account  for  the 
lower  gravity  of  the  oil  from  this  area  as  compared  to  that  from  the 
almost  water-free  oil  sands  north  of  the  track. 

The  following  table  gives  the  details  of  the  gravity  of  the  oil  in  the 
different  parts  of  the  Summerland  field : 
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Gravity  of  tfw  oil  from  different  parts  of  the  Sximvierlarnl  jichl, 

**  nauind. 

North  of  railroad  track 13-14 

Avoragc noarly  14 

Eureka  Oil  Company's  wells 14 

Extreme  nortlunist  corner  of  field  ( Potomac  wells » 15 

Between  railroad  and  beach 9-15^ 

Average 13 

Santa  Bar))ard  Oil  and  Mining  Company's  wells 9-13 

Wilson  wells 13^ 

California  Oil  Company's  wells 1:^-13 

Miller  and  Williams  wells  (extreme  ( asl  end ) 15.\ 

Beach  and  wharf  wells 12-18 

Average 15 

Williams  No.  2  beach  well IS 

Becker  wells 10- 17 

North  Star  wells 13-15 

Oxnard  wells,  upper  sand 14 

Oxnard  wells,  lower  sand 15J 

Sea  Cliff  wells,  upper  sand,  beach 14 

Sea  Cliff  wells,  upper  sand,  wharf 13 

Western  Duquesne  wharf  wells,  upper  sand 14 

Western  Duquesne  wharf  wells,  middle  sand 1(1 

Western  Duquesne  wharf  wells,  lower  sand  "nnk ' 17^ 

VISCOSITY. 

The  relative  viscosity  <>f  the  Sunimerlaiicl  oils  as  eoiupared  with 
that  of  oils  from  otlier  typical  California  fields  is  »i:iven  in  the  table 
of  chemical  analyses  on  page  62. 

CHEMICAL    PROPERTIES. 
GEXKUAL    STATEMENT. 

For  (lata  concerning  the  chemical  ])roperties  of  the  Sunnnerland 
oil,  the  writer  is  indebted  entirely  to  persons  outside  of  the  Geological 
Surv^ey,  a^  up  to  the  present  time  this  Bureau  has  undertaken  no 
detailed  chemical  investigations  of  petroleums.  The  follow inj:, 
among  others,  have  contributed  to  the  present  knowledge  of  the 
California  petroleums,  and  to  them  the  writer  wishes  to  acknowledge 
his  indebtedness  for  the  analyses  contained  in  the  succeeding  pages: 
Messrs.  W.  L.  Watts,"  S.  F.  Peckham,^  Charles  F.  Mabery,^  Clifford- 
Kichardson,''  Paid  W.  Pnitzman/  H.  N.  Cooper,^  and  Edmond 
O'Xeill.^ 


«  Bull.  California  Stalo  Mining'  Buronu  No.  11,  1S97,  pp.  (i7  «.?».  No.  l<».  hmm).  p.  JO.*?. 
''  Set'  Bull.  C.  S.  flool.  Survey  N<».  :kK»,  l't<)7,  p.  JOl.  for  coiiiph'ti'  iist  of  this  wrilpr's  papers  n-laliiig 
lo  California  polrolcnni. 

«■  I'roc.  Am.  .Vend.  .Vrls  and  Sc-i..  vol.  M\.  l'.n)l.  pp.  •_>:,.V.>s.'?;  v..l.  40.  l'H)4.  pp.  :<40-.34r,. 
rf.Tour.  Franklin  Inst.,  vol.  p;j,  l«»o«;,  pp.  :,7  70  si-i2H. 

*■  Bull.  Cahfornin  State  Mining  Bureau  No.  .{2,  11K)4,  pp.  IS4.  104.  1'.»h.  '2J4.  etc. 
/  Bull.  California  State  Mining  Bureau  No.  31.  1904.  No.  32.  l«H)4,  opp.  p.  230. 
g  Jour.  Am.  Chem.  Soc.,  vol.  25,  1903,  pp.  707-709. 
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The  most  prominent  characteristics  of  the  Summerland  oil  are  its 
low  gravity  (12"^  to  16°  Baiim6),  its  high  percentage  of  asphalt 
(85.5  per  cent,**  the  highest  of  all  the  California  oils),  its  relatively 
high  percentage  of  nitrogen  (1.25  per  cent^),  and  its  moderately 
low  sulphur  content  (0.S4  per  cent''). 

RICIIARDSOX'S    PAPER. 

The  most  comprehensive  yet  condensed  discussion  of  the  chemical 
properties  of  the  Summerland  oil  is  that  by  Clifford  Richards(m  in 
his  ** Petroleum  of  North  America/'^  That  part  of  his  paper  which 
relates  to  the  Summerland  oil  is  here  given  in  its  entirety,  as  intro- 
ductory to  the  tables  of  analyses  which  follow.     Richardson  says: 

A  specimen  of  the  dense  Summerland  oil  collected  by  the  writer  and  distilled  in 
vacuo  at  a  pressure  of  2V)  mm.  gave  55  per  cent  of  distillate,  which  was  collected  in 
15  fractions,  having  the  following  specific  gravity  at  20°: 

1 0.8712 

2 8833 

3 8893 

4 9034 

5 9155 

6 ' 9336 

7 9417 

8 9477 

Residue  (45  per  cent),  a  hard  asphalt.     Penetration,  GO. 

The  highest  boiling  fracti(jn  has  a  (hiisity  very  nearly  that  of  water  and  a  refractive 
index  of  1.542.  The  residue  consisted  of  a  hard  residual  pitch.  On  redistilling  the 
first  fraction  at  the  same  pressure,  distillates  began  to  come  over  at  105°,  having  a 
specific  gravity  of  0.8400,  35.5°  B.,  and  a  refractive  index  of  lACiO.  Paraflin  scale 
could  not  be  separated  from  any  of  the  fractions  on  exposing  them  to  an  extremely 
low  temperature. 

Mabery  d  has  examined  this  oil  in  considerable  detail.  He  found  that  a  sample 
which  he  obtained,  having  a  specific  gravity  of  0.9845.  12.2°  H.,  had  the  following 
ult i mate  comjx  »s i t  ion : 

Carbon 80.  32 

Hydrogen 11.  70 

Nitrogen 1.  25 

Sulphur 84 


9 

...   0.9018 

10 

. . .     . 9078 

11 

...     . 9738 

12 

. . .     .  9802 

13 

. . .     . 9830 

14                       ...             

. . .     .  9900 

15  (refractive  index,  1.542)... 

. . .     . 9939 

100.11 


His  distillat(»s  were  of  a  character  similar  U^  those  found  by  the  writer.  He  continued 
his  fractionation  until  lieaps  were  obtained  at  certiiin  temperatures.  After  purification 
with  sulphuric  acid  and  caustic  soda  he  examiced  the  saturate<l  hydn)carbon8  thus 
obtained  with  the  following  results: 


a  Prutzman,  P.  W.,  Bull.  California  Slato  Mining  Rurcaii  No.  32.  1904,  p.  1S4. 
b  Mabory.  ('.  F..  Pnx*.  Am.  Acad.  Arts  and  Sci..  vol.  40.  1904,  p.  341. 
c  Jour.  Franklin  Inst.,  vol.  I(i2.  190i),  pp.  .57-70,  81-128. 
d  Proc.  Am.  Acad.  Arts  and  iSci.,  vol.  40,  1904,  p.  340. 
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Hydrocarbons  separated  from  iSanla  Barbara  (Cal.)  petroleum. 


Symbol. 

Boiling  point. 

1 

Specific 

gravity  at 

20». 

Refractive 
index. 

CuHm 

CwIIao 

'    Degrees. 

150-155 

175-180 

MiUimeters 
60 
60 
60 
60 
60 
60 
60 

0.8621 
.8808 
.8919 
.8996 
.9299 
.9461 
.9778 

1.4687 
1.4700 

:'i7Hao 

CjsHa 

CnHu 

190-195 

210-215 

250-255 

310-215 

340-345 

1.4778 
1.4814 

CrH« 

C«H« 

1.5146 
/  •  -  - 

The  most  volatile  of  these  frActions  belong  to  the  CnHjn  a  series.  With  the  third 
the  series  becomes  CnH2n_4,  and  with  the  sixth  CnHa^  g,  the  density  of  the  last  fraction 
and  its  boiling  point  being  extremely  high.  A  hydrocarbon  of  the  CnHjn  3  series,  of 
very  similar  molecular  weight,  has  also  been  separated  by  the  writer  from  Trinidad 
asphalt  and  found  to  have  the  following  physical  characteristics: 

Boiling  point 147°-170°  at  30  mm. 

Specific  gravity 0.  8576 

Baum^ 33.20 

Refractive  index • 1.  465 

Carbon 86.  85  per  cent. 

Hydrogen 13.  34  per  cent. 

The  resemblance  between  the  phj'^ical  prr»pertit«  and  ultimate  composition  of  these 
fractions  with  some  of  tlK)8e  obtained  by  Ma)>ery  renders  it  probable  that  the  same  serit^s 
arc  present  in  Trinidad  asphalt  as  in  California  oil.  The  latter  oil  is  without  doubt 
extremely  asphaltic  in  nature,  as  is  evident  from  the  fact  that  it  leaves  45  per  cent  of 
hard  pitch,  resembling  asphalt,  on  distillation  in  vacuo. 

On  distillation  with  steam  of  the  sludge  obtained  from  treating  the  above  distillates 
with  Ftrong  sulphuric  acid,  the  sulphur  derivatives  of  the  petroleum,  the  presence  of 
which  is  shown  by  the  ultimate  analysis,  have  been  recovered  by  the  writer  and  found 
to  correspond  to  those  obtained  in  Canadian  oil. 

On  treatment  of  the  distillates  with  dilute  sulphuric  acid,  one  to  four,  the  nitrogen 
derivatives,  the  presence  of  which  is  also  shown  by  the  ultimate  analysis,  can  be 
recovered.  They  are  pmbably  hydroquinolenes.  Their  examination  has  been 
undertaken  by  Mabery.«  Ue  finds  that  fractions  of  the  nitrogenous  oil,  separated  by 
repeated  distillation,  have  the  following  composition: 

130°-340° C,,JI,7N      223°-225° C.^Hi^N 

19r»-l99° C,,1I,,N      243°-245° C,«Hi9N 

215^-217° C,,n„N  ,  270°-275° C^H^N 

ANALYSES. 

Tlie  subjoined  analyses  of  two  Summerland  oils,  to  which  have 
been  added  for  comparison  the  analyses  of  typical  oils  from  other 
California  districts,  show  the  general  character  of  the  petroleums 
under  discussion.  This  table  is  followed  by  several  others  showing 
the  results  of  various  anal^^ses  and  distillation  tests,  which  are  useful 
as  indicating  the  properties  of  the  Summerland  oils. 


a  Jour.  Soe.  Choin.  Ind..  vol.  10.  1900,  p.  505. 
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Fractional  distillatioTis  of  five  Summerlaiid  oils  and  four  other  California  oils. 
[By  W.  L.  WattM,  Bull.  CallXornia  State  Mining  Bureau  No.  11, 1897,  pp.  67-09.] 


Source  of  oil. 


Sommerland 

Do 

Do 

Do 

Do 

Second  Street  Park,  Los  An- 
geles   

Silverthread  district,  Ventura 

County 

Kentuck  wells.Ventura  County 

Puente  district,  Los  Angeles 

County 


Crude  oil. 


O  bfiS 

7^ 


Naphtha. 


150°  C. 


»-  ,:,  t) 

S  93  4^ 

11= 


ii^ 

S  S 

m 

SK-bo 

Illuminating  oil. 
200**  C. 


*-  0^  o 

lb  I 

in  i 






_^ 

0.9G72 
.9513 
.9657 
.9672 
.9692 

15 
17 
15 
15 
15 

Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

.9534 

17 

Tr. 

.9255 
.9015 

21 
25 

7 
6 

.8893 

28 

10.2 

I 

CO 


0.7428 
.7200 


.73*23  t 


Tr.  I. 

Tr.  . 

Tr  i. 

Tr.  1. 

Tr.  |. 

Tr.      . 

10.4  i 
8.6 


0.7614 
.7600 


.7656 


54 
54 


53 


Source  of  oil. 


Suramerland 

Do 

Do 

Do 

Do 

Second  Street  Park,  Los  An- 
geles  

Silverthread  district.  Ventura 

County 

Kentuck  wells.Ventura  County 

Puente  district.  Los  Angel«'.«» 

County 


^ 

^.2tr 

i,-3  O 

.S:0  3 

»-  0-  « 

ifi^ 

oS:S 

> 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 

s 

8 

,  10 

12.2 

Illuminating  oil. 
250°  C.  300"  C. 


Lubricating  oil. 
.     350°  C. 


.Si  OS 
tSOt 


£  5  i<*  I  c  •*  s: 

^   CO    QCj  Q   w  ^^ 


.8001 
.8047  ' 


11 
19.4 

11. ti 
6 


9.8 
12.2 


,  O  ftc  S  .Si  O  3 

Hi.. 


=3  !&  5  t  c*-^ 


0.8452  36 
.8550  34 
.8468         3j 


.8430 
.8450 


3«i 
36 


5 

12   : 

6.8 
5 

4.6  ' 


6.4 
2.5 


u 

I 

0.8722 
.8962 


lis 

S  CD  60 


30 
26 
27 


36       8.3 


.8612 
.8662 


33 
32 


34 


Proximate  analysis  of  a  15"^  Baume  Summtrland  oil.*^ 
DISTILLATION. 


(Gravity    [ 
{°  BiiunnM. 


Below  150°  C. . 
I50°-270°C.... 
Above  270°  C. 


10 
54 


.\sphall. 

35.4       Los.s     .. 
22.2 


F'ercent. 


32 

3.8 


Gravity 
(°  Baum^). 


a  Prutzraan,  P.  W..  Bull.  California  State  Mining  Bureau  No.  32.  1904.  p.  198. 
CALCULATED  ANALYSIS. 


Total  gasoline . 

Kerosene 

Middlings 

Lubricants. . . . 


I 


I  I 

0  I  40  '  .\aphalt.  volume 

3.  40         Asphalt,      wpight       (117  3 

28.5  I  3:3.4  pounds  per  barrel) 

40  5  18  ,  Los.H 


I 


32.2 


35 
3.8 


1783— Bull.  821—07 
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Prorimate  analysis  of  a  Summer  land  oil. a 

Specific  gravity  at  21°  C 0.  9815 

CorrespKjnding  degree  Baume 12.  7 

Specific  viscoeity  at  15J°  C.  (60*^  F.) 1,  462.  aS 

Speciac  viscosity  at  85°  i\  (185°  F.) 8.35 

Fractional  distillation: 

Water per  cent. .  25.  ()0 

Below  100°  C.  (212°  F.) do....  .00 

100°- 150°  C.  (2 12°-ri02°  F. ) do ... .  .00 

150°- 250°  ('.  (302°^82°  F.) do. ...  6.  50 

250°-S50°  ('.  {482°-«r)2°  F.  j do 17. 10 

350°  ('.  (662°  F.)  to  asphalt do 27.  50 

Asphalt do. ...  22.  50 

Loss do 1.40 

Distillation  text  of  Uf  Baume  {tank  average)  Siimnierland  oil.b 

Engine  distillate  (48°) 0. 1 

Kerosene  (41°) 3. 0 

Stove  oil  (33°) 4. 0 

Ga«oil(28°) 16.3 

Fuel  distillate  (25°) 19. 1 

Lubricants  (21.5°) 20. 4 

Asphalt  (grade  1)) 37.  I 

100.0 
Sample  slightly  heavier  than  the  average  oil  of  the  Summerland  district. 

Incidental  cmutitvents  of  Suvnnerland  mide  oil.'' 


ronstituont«.  (^bTu^6)  \  ^'^'  ^"*- 


Nitrogen 

Sulphur '  15 

Asphaltcnr '  15 


0  f^O 

.898 

3.36 


TKCIINOTX)GY  AND  PRODirCTION. 

COST  OF  DRILLING  WELLS  AND  PRODUCING  THE  OIL. 

Cost  of  drilling. — The  cost  of  drilling  in  the  Summeriand  field  is  not 
great,  owing  to  the  shallowness  of  the  wells  and  the  softness  of  the 
strata  overiying  the  oil  sands.  Watts  ^  is  authority  for  the  statement 
that  the  cost  of  drilling,  exclusive  of  the  cost  of  the  casing,  averages 
about  $1  a  foot.  The  following  statement  shows  the  detailed  cost 
(exclusive  of  the  wharf)  of  two  wharf  wells  near  the  east  end  of  the 
field: 

Cost  of  J ^'} -foot  f/r//,  Summerland. 

1  length  7i-inch  causing $20. 00 

150  feet  58-inch  casing,  at  60  cents 90. 00 

225  feet  4J-inch  catling,  at  40  cents 90. 00 

aO'Noill.  Edmond,  Jour.  Am.  Chem.  Soc..  vol.  25,  1903,  pp.  707-709. 
b  Prutztnnn,  V.  W.,  Bull.  California  Stato  Mining  Burouu  No.  32.  1904.  p.  191. 
c  Prutzman.  P.  W..  Bull.  California  State  Mining  Bureau  No.  32, 1904,  p.  224. 
d  Bull.  California  State  Mining  Bureau  No.  19, 1900,  p.  103. 
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232  feet  2-inch  tubing,  at  23  cents $53. 36 

Drilling  230  feet,  at  80  cents 184. 00 

Derrick 12.00 

Shoes,  $5  and  $6.50 11.  50 

Pump 18. 00 

Sucker  rods,  at  $6.20  per  hundred  feet 14. 50 

493. 36 
Cost  of  250'foot  well,  Summerland. 

Conductor,  9|-inch,  20  feet $30. 00 

Casing,  250  feet;   yj-inch 250.00 

Casing,  about  250  feet,  2-inch  pipe,  at  23  cents 59. 11 

Drilling  250  feet,  at  85  cents  (about) 217. 50 

Derrick 12. 00 

Shoe 9. 00 

Pump : 18. 00 

Sucker  rods 15. 90 

611. 51 

Cost  of  producing  the  oil. — The  cost  of  production  varies  throughout 
the  field,  owing  to  the  variations  in  the  yield  of  each  well,  in  the  quan- 
tity of  water  and  sand  that  is  pumped  with  the  oil,  etc.  In  general, 
however,  the  cost  ranges  from  25  to  30  cents  a  barrel,  although  it  is 
said  to  be  as  high  as  40  cents  in  some  of  the  wells. 

SEPARATION  OF  SAND  AND  WATER  FROM   OIL. 

The  separation  of  the  sand  from  the  oil  is  accomplished  by  means  of 
a  ''sand  box,*'  into  which  the  oil  is  run  and  in  which  a  large  portion 
of  the  sand  settles.  The  ''sand  box'' consists  of  a  wooden  trough 
divided  by  two  or  more  upright  partitions  that  run  across  it.  .At  the 
top  of  the  partitions  are  notches  through  which  the  oil  passes,  and 
the  sand  is  deposited  at  the  bottom.  The  oil  is  run  into  a  tank, 
at  the  bottom  of  which  a  space  of  10  inches  or  more  is  allowed  for 
any  sand  which  may  still  be  in   it. 

Heat  accelerates  the  separation  of  the  water  from  the  oil,  and  in 
order  to  apply  it  to  the  emulsion  which  comes  from  the  pumps,  the 
emulsion  is  allowed  to  stand  for  about  twelve  hours  in  tanks  contain- 
ing coils  of  steam  pipes.  In  these  tanks  the  water  settles  to  the 
bottom  while  the  oil  rises  to  the  top,  and  each  is  conveyed  separately 
from  the  tank.  As  a  substitute  for  the  heating  tank  one  operator 
heats  his  oil  in  its  passage  from  the  wells  to  the  settling  tanks  by 
passing  it  through  three  turns  of  pipe  in  a  steam-heated  chamber  con- 
sisting of  20  feet  of  large  casing.  The  chamber  is  heated  by  steam 
'  from  the  pump  exhaust. 
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66  GEOLOGY    AND    OIL   OF    SUMMERLAND    DISTRICT,   CAL. 

PRODUCTION. 

The  total  production  of  the  Summerland  field  from  1895  to  January 
1,  1907,  exclusive  of  1896,  was  1,373,980  barrels.  The  field  reached 
its  maximum  yield  in  1899,  when  it  produced  208,370  barrels  of  crude 
petroleum.  Since  that  time  the  yield  has  been  gradually  falling  off 
on  accoimt  of  the  natural  decline  in  production  of  the  individual 
wells  and  the  cessation  of  drilling  operations,  and  also  because  of 
adverse  market  and  transportation  facilities.  In  the  early  history  of 
the  field  three  to  five  year  contracts  for  90  cents  a  barrel  were  obtain- 
able ;  now  the  producers  can  barely  get  enough  to  cover  the  cost  of 
production. 

The  following  table  shows  the  production  by  years  from  1895  to 
1906,  inclusive. 

Production  of  the  S uvim^r land  field. ^ 
[Barrels  of  42  gallons.] 

1895 16,904  1902 143,552 

1896 I  190.3: 127,  926 

1897 130,136  1904 119,506 

1898 132,217  I  1905 123,871 

1899 208,370  I  1906 81,848 

1900 153,750 

1901 135,900  I 

UTILIZATION  AND  TRANSPORTATION. 


1, 373,  980 


Most  of  the  oil  now  produced  in  this  field,  with  the  exception  of  that 
coming  from  the  Southern  Pacific  Company's  wells,  is  used  locally, 
either  in  the  Summerland  refinery  or  for  oiling  roads  or  for  fuel  in 
the  \ncinity  of  Santa  Barbara.  At  one  time  much  of  the  oil  was 
shipped  to  Los  Angeles  and  elsewhere  over  the  Southern  Pacific 
Railroad,  but  a  combination  of  high  freight  rates  with  a  poor  market 
has  practically  stopped  exportation. 

REFINERY. 

One  refinery,  that  of  the  California  Liquid  Aspnalt  Company,  is 
located  at  Summerland.  It  is  equipped  with  two  stills  and  has  a 
still  capacity  of  300  barrels  of  crude  oil.  Summerland  oil  is  used 
entirely,  distillates  and  asphalt  being  the  products.  A  higher  per- 
centage of  asphalt  is  derived  from  the  oil  from  this  field  than  is  found 
in  any  of  the  other  California  oils. 

The  following  companies  were  engaged  in  the  production  of  oil  at 
Summerland  January  1,  1907: 


a  With  the  exception  of  the  figures  for  1895,  which  are  from  Bull.  California  State  Mining  Bureau  No- 
ll, 1897,  p.  57,  the  figures  of  production  were  furnished  by  the  division  of  mining  and  mineral  resources, 
U.  S.  Geol.  Survey. 
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COMPANIES  NOW  OPERATING. 

G.  F.  Becker  Oil  Company. 

Knapp  &  Hassinger  (Royal  Oil  Company). 

J.  C.  Lillis. 

LilliB  Oil  Company. 

Montecito  Improvement  Company. 

Miller  <fc  McFarland. 

North  Star  Oil  Company  (J.  C.  Lillis). 

Oxnard  Oil  Company. 

Potomac  Oil  Company. 

Sea  Cliff  Oil  Company. 

Sea  Side  Oil  Company. 

Southern  Pacific  Railroad  Company  (Kern  Trading  and  Oil  C^mipany). 

Sunset  Oil  Company. 

J.  C.  Wilson. 
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PLATE  TX. 
ToPATOPA  (Eocene)  Fossils. 

(IJnle^  otherwise  indicated  all  figures  are  natural  size.) 

Fu;.  1.  Merelrix  uvasana  Conrad.  Pal.  California,  vol.  1,  1864,  pi.  30,  fig.  248.  Right 
valve;  longitude,  55  mm.     A  common  species  in  the  Eocene. 

Fid.  2.  Ostrca  klriai'7isis  Gabb,  typt\  Pal.  California,  vol.  2,  1868,  pi.  34,  fig.  103. 
Exterior  of  right  valve;  altitude,  58  mm.  A  common  species  in  the  Ek>cene 
of  the  Santa  Cruz  Mountains. 

Fig.  3.  Vnirricardia  planicosta  I^amarck,  U.S.N.M.  164973.  Left  valve;  longitude, 
84  mm.  Eocene,  Little  Falls,  Wash.  This  is  the  most  widespread  and 
characteristic  Eocene  species  in  the  world. 

Fkj.  4.  Phacoidvs  crdacea  Gabb,  U.S.N.M.  165254.  Cast  of  right  valve  of  a  medium- 
sized  spi'cimen;  altitude,  18  mm.;  view  of  exterior,  X  2.  Topatopa  forma- 
tion near  head  of  West  Fork  of  Sycamore  Canyon,  Santa  Barbara. 

Fic.  5.   ('ariliu)n  brttrerii  Gabb,  type.     Righi  valve;  altitude,  61  mm.;  view  of  exte- 
rior natural  size.     Pal.  California,  vol.  1,  1S64.  pi.  24,  fig.  155.     A  common 
species  in  I  he  Etn'cne  of  the  Santa  Ynez  Mountains. 
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TopATOPA  (Eocene)  and  Monterey  (Miocene)  Fossils. 

(Unless  otherwise  indicated  all  figures  are  natural  size. 

Fig.  1.  Leda  gabbi  Conrad.  Pal..  California,  vol.  1,  1864,  pi.  26,  fig.  185.  Ix)ngitude, 
18  mm.;  enlarged.     A  common  species  in  the  Ek>cene. 

Fig.  2.  Fusus  occidentalis  Gabb,  type.  Altitude,  15  mm.;  back  view,  X  2J.  Pal. 
California,  vol.  2,  1868,  pi.  26,  fig.  23.  Abundant  in  the  Eocene  of  the 
Santa  Ynez  Range. 

FiQ.  3ck  Galerua  excentriciis  Gabb,  U.S.N.M.  165258.  Internal  cast  of  a  fairly  repre- 
sentative specimen;  altitude,  14  mm.;  view  of  side,  X  2.  Topatopa 
formation,  near  head  of  West  Fork  of  Sycamore  Canyon,  Santa  Barbara. 

Fig.    36.  View  of  top  of  same  specimen,  X  2. 

Fig.  4.  Modiolus  omatus  Grabb.  Right  valve;  longitude,  38  mm.  Pal.  California, 
vol.  1,  1864,  pi.  24,  fig.  166.     A  common  speiues  in  the  California  Eocene. 

Fig.  5.  Meretrix  uvasana  Conrad,  U.S.N.M.  165253.  Cast  of  right  valve  of  a  young 
specimen;  longitude,  15  mm.;  view  of  exterior,  X  2.  Topatopa  formation, 
near  head  of  West  Fork  of  Sycamore  Canyon,  Santa  Barbara. 

Fig.  6.  Mactra  near  ashbumerii  Gabb,  U.  S.  N.  M.  165257.  An  internal  cast  of 
left  valve;  longitude,  20  mm.;  view  of  front,  X  2.  Topatopa  formation, 
near  head  of  West  Fork  of  Sycamore  Canyon,  Santa  Barbara. 

Pig.  7.  Turriiella  xivasana  Conrad,  U.  S.  N.  M.  165255.  An  imperfect  cast;  alti- 
tude, 33  mm.  Topatopa  formation,  near  head  of  West  Fork  of  Sycamore 
Canyon,  Santa  Barbara. 

Fig.  8.  Spirocrypta  piletim  Gabb.  Pal.  California,  vol.  1,  1864,  pi.  29,  fig.  233. 
Longitude,  13.5  mm.;  view  of  side,  enlarged.  A  common  form  in  the 
Eocene. 

Pig.  9a.  Spirocrypta  jnleum  Gabb,  U.  S.  N.  M.  165256.  Internal  cast;  longitude,  22 
mm.;  view  of  top  X  2.  Topatopa  formation,  near  head  of  West  Fork  of 
Sycamore  Canyon,  Santa  Barbara. 

FlQ.    96.  View  of  side  of  same  specimen,  X  2. 

Fig.  10.  Pecten  pecJchami  Gabb,  U.  S.  N.  M.  164839.     Cast  of  right  and  left  valves 
in  matrix.     Monterey  shale  (middle  Miocene),  southeast  of  Pinole,  Contra 
Costa  County,  Cal.     A  common  species  in  the  Monterey  shale  of  the  Coast 
Range. 
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PLATE  XL 
Fernando  (Pliocene)  Gasteropoda. 

(All  Bpeciraens  are  from  Fernando  formation,  Bath-house  Beach,  Santa  Barbara. 
Unless  otherwise  indicated,  all  figures  are  natural  size.) 

Fig.    1.  Mitramorpha  filosa  Carpenter,  var.  harharensis  Arnold,  U.  S.  N.  M.  165245 

(type).     Altitude,  6.5  nnn.;  aperture  view,  X  4.     Characteristic  of  this 

horizon. 
Fig.    2.  Lacuna  compacta  Carpenter,  U.  S.  N.  M.  165235.    Altitude,  6.5 mm.;  aperture 

^new,  X  4.     Also  known  recent. 
Fig.    3.  Leptothyra  hacula  Carpenter,  U.  S.  N.  M.  165236.     Diameter,  3  mm.;  aperture 

view,  X  6.     Also  known  recent. 
Fig.    4.  Mangilia  tabulala  Carpenter,  U.  S.  N.  M.  165240.    Altitude,  4  mm.; aperture 

view,  X  4.     Also  known  recent. 
Fio.    5a.  Ptincturella  lielosi  Arnold,  U.  S.  N.  M.  165234  (type).    Altitude,  1.9  mm.; 

view  of  side,  X  10.     Characteristic  of  this  horizon. 
Fig.    56.  Rear  view  of  same  specimen,  X  10. 
Fig.    6.  Tomatina  ciddtella  Gould,  U.  S.  N.  M.  165239.    Altitude,  5mm.;  aperture 

view,  X  4.     Also  known  recent. 
Fig.    7.  Amphissa  corrttgata  Reeve,  U.  S.  N.  M.  165243.    Altitude,  11  mm.;  aperture 

view,  X  3.     Also  known  recent. 
Fig.    8.  Nassa  perpinguis  Hinds,  U.  S.  N.  M.  165237.     Altitude,  10  mm.;  aperture 

view,  X  2.     Also  known  recent. 
Fig.    9.  GUUhmella  conradiana  Gabb,  U.  S.  N.  M.  165247.     Altitude,  11  ihm.;  aperture 

view,   X  3.     Also  reported  as  recent,  but  the  recent  form  is  probably 

another  species  or  variety. 
Fig.  10.  Columbella  (Astpis)  ttiberosa  Carpenter,  U.  S.  N.  M.  165242.     Altitude,  9 

mm,;  aperture  view,  X  3.     Also  known  recent. 
Fig.  11.  Ocinebra  lurida  Middendorf,  U.  S.  N.  M.  165233.     Altitude,  12  mm.;  aperture 

view,  X  2.     Also  known  recent. 
Fig.  12.   Trophon  (Boreotrophon)  stuarti  Smith,  IT.  S.  N.  M.  165244.     Altitude,  20 

nun.;  aperture  view,  X  2.     Also  known  recent. 
Fig.  13.  Bittmm  catalinerms  Bartsch,  U.  S.  N.  M.  165232  (type).    Altitude,  7  mm.; 

aperture  view,  X  6. 
Fig.  14.  Galenis  mammillaris  Broderip,  U.  S.  N.  M.  165251.    Maximum  diameter, 

17  mm.;  view  of  top,  X  2.     Also  known  recent. 
Fio.  15.  Bittium  harbarensu  Bartsch,    U.   S.  N.   M.   165231   (type).      Altitude,  8.5 

mm.;  aperture  view,  X  6. 
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PLATE  XII. 
Fernando  (Pliocene)  Pelecypoda  and  Brachiopoda. 

(Unless  otherwise  stated,  all  specimens  are  from  Fernando  formation,  Bath-house 
Beach,  Santa  Barbara.     All  figures  not  otherwise  indicated  are  natural  size.) 

Fio.  la.  Mercenaria  perlaminosa  Conrad,  U.S.N.M.  166252.  Right  valve;  longitude 
87  mm. ;  view  of  exterior.     Characteristic  of  this  horizon. 

Fig.  16.  View  of  same  specimen  from  front. 

Fio.  Ic.  Mercenaria  perlaminosa  Gabb,  U.S.N.M.  165288.  Longitude  of  fragment, 
showing  hinge  of  left  valve,  56  mm.     Characteristic  of  this  horizon. 

Fig.  2a.  Venericardia  yatesi  Arnold,  U.S.N.M.  165248  (type).  Right  valve;  latitude 
4  mm. ;  view  of  exterior,  X  6.     Characteristic  of  this  horizon. 

Fig.  26.  View  of  interior  of  same  specimen. 

Fig.  3.  Pscphidia  harbareims  Arnold,  U.S.N.M.  165238  (type).  Altitude  4  mm.; 
view  of  interior,  X  4.     Characteristic  of  this  horizon. 

Fig.  4a.  Terehratalia  hemphilli  Dall,  U.S.N.M.  108495  (holotype).  Proc.  U.  S.  Nat. 
Mus.,  vol.  24,  1902,  pi.  40,  fig.  10.  Ventral  valve;  longitude  35  mm.;  view 
of  exterior,  slightly  enlarged.     Arroyo  Burro,  west  of  Santa  Barbara. 

Fig.  46.  Exterior  of  view  of  dorsal  valve  of  same  specimen.     Op.  cit.,  pi.  40,  fig.  8. 
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PLATE  XIII. 
Fernando  (Pliocene)  Gasteropoda. 

(Unlesa  otherwise  indicated,  all  figures  are  natiiml  size.) 

Fig.  la.  Crepidula  princcps  Conrad,  U.S.N.M.  165315.  Longitude  106  mm.;  view  of 
top.  Packards  Hill,  Santa  Barbara;  characteristic  of  the  Fernando  in 
Santa  Barbara  County;  also  found  in  the  Miocene  and  Pliocene  elsewhere 
in  the  State. 

Fig.  16.  Side  view  of  same  specimen. 

Fig.  Ic.  Interior  view  of  same  specimen. 

Fig.  2.  Natka  clausa  Broderip  and  Sowerby.  U.S.N.M.  165241.  Altitude  7.5  mm.; 
aperture  view,*  X  4.  Fernando  formation.  Bath-house  Beac  .,  Santa  Bar- 
bara.    Also  known  recent. 

Fio.  3.  I^ptolhyra  pancicostaia  Dall.  U.S.N.M.  1(J5246.      Diameter  ^  mm.;  aperture 
view,  X  6.     Fernando  formation,  Bath-house  Beach,  Sant.  Barbara.     Also 
known  recent. 
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PLATE  XIT. 
Fernando  (Pliocene)  Pelecypoda. 

(Unless  otherwise  indicated,  all  figures  are  natural  size.) 

Fig.  1.  Semele  pulchra  Sowerby,  var.  montereyi  Arnold,  U.S.N.M.  165250.  Right 
valve;  latitude  18  mm.;  view  of  exterior,  X  2.  Fernando  formation,  Santa 
Barbara.     Also  reported  as  recent. 

Fig.  2.  Venericardia  monilicosta  Gabb,  U.S.N.M.  165249.  Left  valve;  altitude  11 
mm.;  view  of  exterior,  X  3.  Fernando  formation.  Bath-house  Beach, 
Santa  Barbara.     Characteristic  of  this  horizon. 

Fig.  3.  Pecten  {Chlamys)  opuntia  Dall,  collection  of  Delos  Arnold.  Right  valve; 
altitude  43  mm.;  view  of  exterior.     Same  locality  as  fig.  4. 

Fig.  4.  Pecten  (Chlamys)  opuntia  Dall,  collection  of  Delos  Arnold.  Left  valve;  alti- 
tude 51  mm. ;  view  of  exterior.  Fernando  formation,  Arroyo  Burro,  Santa 
Barbara.     Characteristic  of  this  horizon. 

Fig.  5a.  Pecten  (Chlamys)  jordani  Arnold,  U.S.N.M.  162522  (type).  Exterior  of  right 
valve;  altitude  45  mm.  Pliocene,  Deadman  Island,  ne^r  San  Pedro,  Cal.; 
also  found  in  the  Fernando  formation  at  Santa  Barbara  and  elsewhere. 

Fig.  56.  Exterior  of  left  valve  of  same  specimen. 

Fig.  6a.  Pecten  (Chlamys)  hastntus  Sowerby,  collection  of  F.  L.  Button.  Exterior  of 
right  valve;  altitude  49  mm.  Recent,  Monterey,  Cal.;  found  abundantly 
in  the  Fernando  and  equivalent  formations  throughout  southern  California. 

Fig.  66.  Exterior  of  left  valve  of  same  specimen. 

Fig.  7.  Pecten  (Chlamys)  hastatu^  Sowerby,  var.  straiegxis   Dall,  collection  of  Delos 
Arnold.     Exterior  of  left  valve;  altitude  36  mm.     Fernando  formation, 
Bath-house  Beach,  Santa  Barbara.     Characteristic  of  the  Fernando  forma- 
tion. 
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PLATE  XV. 
Fernando  (Pliocene)  Pecten. 

(Unless  otherwiso  indicated,  all  figures  are  natural  size.) 

Fig.  la.  Pectm  {Pecien)  hellm  Conrad,  U.S.N.M.  165314.     Right  valve;  altitude  92 
mm. ;  view  of  exterior.     Bath-house  Beach,  Santa  Barbara.     Characteristic 
of  this  region. 
Fig.  16.  Left  valve  of  same  specimen.     Altitude  85  mm.;  view  of  exterior. 
82 


Digitized  by  VjOOQIC 


U.   8.   GEOLOGICAL  SURVEY 


BULLETIN   Na   321      PU  XV 


FERNANDO  (PLIOCENE)   PECTEN. 


Digitized  by  VjOOQIC  ^ 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


PLATE  XVI. 
Fernando  (Pliocene)  Pecten. 

(Unless  otherwise  indicated,  aU  figures  are  natural  size.) 

Fig.  la.  Pecten  {Patinopecten)  caurinus  Grould,  collection  of  Delos  Arnold.  Exterior 
of  right  valve;  altitude  105  mm.  Pliocene,  D^adman  Island,  near  San 
Pedro,  Cal.  Found  in  the  upper  part  of  the  Fernando  formation  through- 
out the  Coast  Range. 

Fig.  16.  View  of  left  valve  of  same  specimen. 
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PLATE  XVn. 
Fernando  (Pliocene)  Bryozoa. 

(Sperimeiis  figured  are  from  Bath-house  Beach,  Santa  Barbara.) 

Fig .  1 .  Crisia  serrata  (Gabb  and  Horn)  ( Cristna  id . ) .  Front  and  side  views  of  a  portion 
of  a  segment,  magnified.  This  minute  brA'ozoan  is  extremely  abundant  in 
the  fine  washings.  The  lower  end  of  each  segment  is  pointed  for  articula- 
tion, while  the  distal  extremity  is  blunt  and  receives  the  pointed  end  of  the 
following  segment. 
Fig.  2.  Lichenopora  calif omica  Gabb  and  Horn.  Top,  side,  and  basal  views  of  an  en- 
tire zoarium,  magnified  about  four  times. 
Fig.    3.  Semiiuhigera  tuba  Gabb  and  Horn.     Views  of  zoaria,  natural  size;  and  front, 

side,  and  back  views  of  a  fragment,  enlarged. 
Fig  .    4.  Idmonea  califamica  Conrad .     Two  fi-agments  about  natural  size,  and  surface  of 

one  enlarged  about  eight  times. 
Fio.    5.  Idmonea  cali/omica  Conrad.     Front  and  back  views  of  two  fragments,  X  2. 
This  is  the  most  abundant  bryozoan  of  the  Santa  Barbara  deposits.     Most  of 
the  incrusting  species  figured  on  this  plate  may  be  found  attached  to  the 
smooth  back  of  this  Idmonea. 
Fig.    6.  Enlalophoraf  punctulata  Gabb  and  Horn.     Gabb  and  Horn's  figure  of 'Celle- 
pora  bellerophon.     This  species  is  apparently  founded  on  the  basal  expan- 
sion of  Entalophora  punctvlata. 
Fig     7.  Entalophora?  punctulata  Gabb  and  Horn.     A  fragment  of  a  zoarium  slightly 

reduced  in  size,  and  an  enlargement  of  the  same. 
Fig.    8.   Micropora  dtsparilis  (Gabb  and  Horn)  {Reptescharinellina).    Magnified  view  of 

this  incrusting  species,  which  seems  rather  rare  at  Santa  Barbara. 
Fig.    9.   Membranipora  cali/omica  Gabb  and  Horn.     Portion  of  a  zoarium  enlarged. 
Fig.  10.   Membranipora  barbarensis  Gabb  and  Horn.     Several  zooecia,  X  15. 
F^G.  11.   Membranipora  multipora  (Gabb  and  Horn)  {Siphonella  id.).     Surface,  X  15. 
The  zoarium  of  this  species  was  described  by  Gabb  and  Horn  as  of  free  tubes, 
but  the  later  collections  contain  many  specimens  showing  it  to  be  para- 
sitic in  growth. 
Fig.  12.   Microporella  califomiensis  (Gabb  and  Horn)  (Cellepora  id.).     Celluliferous 

side,  X  15. 
Fig.  13.  Schizoporella  cornuia  (Gabb  and  Horn)  (Reptescharellina  id.).     Celluliferous 

side  of  this  incnisting  species,  X  15. 
Fig.  14.  Lepralia  eustomata  (Gabb  and  Horn)  {Rcptoporina  id.).     Portion  of  surface  X 
15,  and  zoarium  still  further  enlarged.     The  conspicuous  pore  figured  by 
Gabb  and  Horn  proves  on  study  of  more  specimens  to  be  merely  a  broken 
avicularium. 
Fig.  15.  Retepora  labiata  (Gabb  and  Horn)  {Phidolopora  id.).     A  fragment  of  a  zoarium, 

about  natural  size,  and  the  surface  of  a  branch,  enlarged. 
Fig.  16.   Oribnlina  heermanni  (Gabb  and  Horn)  {Re pt eschar clla  id.).      Zooecia,  X  15. 
Fig.  17.   Cribrilina? plana  (Gabb  and  Horn)  {Reptescharella  id.).    Second  zooecia,  X  15. 
Fig.  18.  Lepralia  heermanni  (Gabb  and  Horn)  {Reptescharellina  id.).     Surface,  en- 
larged.    This  species  has  not  been  detectc^d  in  the  recent  collections,  but  it 
is  believed  to  be  based  on  a  form  of  Lepralia  eustomata.     (See  fig.  14.) 
86 
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GEOLOGY  AND  OIL  RESOURCES  OF  THE 
SANTA  MARIA  OIL  DISTRICT,  SANTA 
BARBARA  COUNTY,  CAL. 


By  Ralph  Arnold  and  Robert  Anderson. 


INTRODUCTION. 

PURPOSE   OF   THIS    REPORT. 

During  the  last  three  years  the  region  near  the  Pacific  coast  in  the 
northern  part  of  Santa  Barbara  County,  Cal.,  has  shown  promise  of 
becoming  one  of  the  most  productive  oil  fields  of  the  West,  if  not  of 
the  whole  United  Start^s.  The  developed  fields  lie  on  the  low,  rolling 
hills  between  the  Santa  Maria  and  Lompoc  valleys,  where  the  oil  has 
accumulated  in  great  abundance  in  the  Monterey  shale,  of  middle 
Tertiary  age,  which  underlies  this  region.  The  lightness  of  the  oil, 
which  averages  from  25°  to  27°  Baum6,  and  the  great  productiveness 
of  the  wells,  which  yield  as  high  as  3,000  barrels  a  day,  with  an 
average  of  300  to  400  barrels,  are  among  the  features  for  which  the 
district  has  become  noted.  Large  areas  in  the  same  general  region 
as  the  productive  fields  have  been  known  for  some  time  to  be  analo- 
gous, so  far  as  surface  evidence  went,  to  the  proved  territory,  and  it 
was  thought  that  geologic  investigations  of  the  region  might  furnish 
valuable  information  and  aid  in  the  extension  of  developments. 
Accordingly,  with  the  purpose  of  studying  the  occurrence  of  the  oil, 
the  extent  and  structure  of  the  oil-bearing  formations,  and  their  rela- 
tions to  associated  formations,  the  writers  carried  on  the  field  work 
leading  to  the  present  report  during  the  summer  and  autunm  of 
1906.  The  geology  of  the  region  covered  by  the  accompanying  geo- 
logic map  (PI.  I,  in  pocket)  has  not  been  completely  studied  in  all 
parts.  Between  the  San  Rafael  and  Santa  Ynez  ranges  it  has  been 
worked  with  considerable  detail,  but  the  mapping  of  the  mountainous 
regions  has  been  more  in  the  nature  of  a  reconnaissance  outside  of 
the  areas  of  the  Monterey  formation. 

A  preliminary  paper  containing  the  features  of  this  report  most 
immediately  pertinent  to  the  oil  developments  and  an  outline  map 
has  been  published  as  Bulletin  No.  317  of  the  United  States  Geolog- 
ical Survey. 
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sell,  with  the  assistance  of  observations  by  Albert  H.  Campbell,  in 
the  course  of  the  explorations  and  surveys  for  the  Pacific  Railroad 

a  The  geology  of  Point  Sal:  Bull.  Dept.  Qeol.,  Univ.  CaUfornia,  vol.  2, 1896,  pp.  1-92. 
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in  the  early  fifties.**  In  the  report  on  this  work  the  larger  topo- 
graphic features  were  well  described,  the  presence  of  asphaltic  rocks 
was  briefly  noted,  and  the  Tertiary  age  of  most  of  the  sedimentary 
rocks  was  recognized,  but  the  structural  features  and  the  relations  of 
the  rocks  were  in  the  main  misinterpreted. 

During  the  course  of  the  geological  survey  of  Cahfomia  by  J.  D. 
Whitney  a  hasty  reconnaissance  was  made  of  a  part  of  this  region.* 
lie  says  in  his  report : 

The  region  to  the  west  of  the  San  Rafael  Range,  between  the  Santa  Ynez  and  Cuya- 
mas  rivers,  was  cursorily  examined  by  our  party.  *  *  *  The  region  is  occupied 
by  hills  of  moderate  height.  No  metamorphic  rock  was  seen;  but  pebbles  of  serpen- 
tine and  metamorphic  sandstone  were  noticed,  especially  for  3  or  4  miles  north 
of  Alamo  Pintado.  »  *  »  These  hills  were  covered  with  gravel  derived  from  the 
bituminous  slates.  At  times,  especially  near  the  Santa  Maria  River,  the  hills  were 
capped  by  a  modem  horizontal  deposit  (post- Pliocene?).  The  underlying  rock, 
when  seen,  was  the  bituminous  slate,  sometimes  dipping  to  the  north  and  sometimes 
to  the  south. 

Near  Foxen's,  on  the  south  side  of  the  valley,  there  were  hills  of  nearly  horizontal 
strata  from  200  to  300  feet  high,  the  north  slopes  of  which  were  very  steep^  usually 
about  35°.  Beneath  the  soft  sandstone,  which  made  up  the  principal  part  of  these 
hills,  was  a  stratum  of  infusorial  rock  resembling  chalk  in  appearance,  exceedingly 
light,  its  specific  gravity  not  being  more  than  0.6  or  0.7;  the  thickness  of  this  stratum 
was  over  20  feet.     The  age  of  this  formation  is  not  yet  definitely  ascertained. 

North  of  the  valley,  at  Foxen's,  the  bituminous  slate  occurs  with  a  high  dip  to  the 
north,  and  asphaltum  is  found  in  several  localities  near.  In  places  the  slates  are 
altered  and  silicified,  sometimes  resembling  semiopal  in  appearance,  the  finest  lami- 
nae of  the  original  structure  being  preserved. 

So  far  as  the  writers  are  aware  no  further  investigation  of  the  geol- 
ogy of  the  region  was  made  imtil  H.  W.  Fairbanks  made  examina- 
tions of  portions  of  the  Coast  Ranges  and  reported  on  them  for  the 
State  mining  bureau  in  1894.  In  his  paper  on  the  *' Geology  of 
northern  Ventura,  Santa  Barbara,  San  Luis  Obispo,  Monterey,  and 
San  Benito  counties''  reference  is  made^  to  the  region  under  discus- 
sion, especially  to  the  Santa  Ynez  Mountains.  Regarding  the  Santa 
Ynez  Range  he  says:  **It  is  formed,  so  far  as  is  known,  of  Miocene 
rocks  exclusively."     And  again: 

There  can  be  no  doubt  that  the  main  portion  of  the  Santa  Ynez  Range  is  Miocene 
with  a  general  anticlinal  structure,  well  shown  in  the  San  Marcos  Pass.  The  center 
of  the  anticlinal  is  not  generally  the  highest  portion  of  the  range,  but  lies  on  the  east- 
em  slope.  The  normal  type  of  anticlinal  structure  is  also  marked  by  an  east  and  west 
compression,  producing  features,  however,  of  secondary  importance. 

As  viewed  from  the  south  at  various  points  the  range  consists  of  heavy-bedded  sand- 
stone, dipping  at  a  high  angle  to  the  south.  *  *  *  At  the  western  end,  in  the  vicin- 
ity of  Point  Arguello,  no  anticlinal  structure  is  apparent,  but  steeply  inclined  and 
broken  strata.  Asphaltum  is  found  in  many  places  near  the  sea  from  Point  Arguello 
to  Ventura  County. 

a  Pacific  R.  R.  Repts.,  vol.  7, 1857,  Chaps.  VIII,  IX,  and  X. 

&  Geological  Survey  of  California,  Geology,  vol.  1,  1865,  pp.  135-138. 

«  Twelfth  Ann.  Rcpt.  California  State  Mining  Bureau,  1894,  pp.  498-506. 
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The  present  writers  are  in  agreement  with  these  statements  except 
as  regards  the  exclusively  Miocene  age  of  the  rocks,  a  large  part  of 
which  are  here  considered  as  Eocene.  On  page  505  of  Fairbanks's 
article  he  speaks  of  ^'shales  and  sandstones  of  undoubted  Cretaceous 
age"  between  Gaviota  Pass  and  Santa  Ynez  River,  in  the  hills  which 
in  the  present  paper  are  considered  as  part  of  the  Santa  Ynez  Range. 
In  the  very  short  time  spent  in  this  locality  the  present  writers 
found  no  evidence  of  the  presence  of  Cretaceous  rocks. 

A  number  of  asphalt  deposits  in  northern  Santa  Barbara  County 
are  described  on  pages  30  to  33  of  the  twelfth  annual  report  of  the 
State  mineralogist,  cited  above.  The  localities  mentioned  are  on 
the  Los  Alamos  grant,  4 J  miles  north  of  Harris  station;  along  the 
northern  slope  of  the  hills  bordering  the  Santa  Maria  Valley,  10  miles 
southeast  of  Santa  Maria;  about  2  miles  northeast  of  the  Purisima 
Mission;  along  the  southern  slope  of  the  hills  between  the  Los  Ala- 
mos and  Santa  Ynez  valleys  (Purisima  Hills),  especially  on  the  San 
Carlos  de  Jonata  grant ;  and  in  poorer  and  less  known  deposits  at 
Gaviota  Landing,  at  Point  Arguello,  near  the  mouth  of  Canada 
Honda,  and  at  other  points  toward  Lompoc  Landing.  Seepages 
out  of  the  bituminous  **  slate '^  (shale)  series  are  mentioned  as  occur- 
ring in  the  canyon  of  the  Sisquoc,  about  in  the  center  of  the  Sisquoc 
grant,  along  Labrea  Creek,  and  near  the  west  end  of  the  Tinaquaic 
grant. 

By  far  the  best  observations  recorded  up  to  1896  regarding  the 
geology  of  this  region  were  those  of  H.  W.  Fairbanks,  published  in 
his  paper  on  the  ** Geology  of  Point  Sal.''"  He  gives  a  detailed  de- 
scription of  the  igneous  and  sedimentary  formations  occurring  at 
the  seaward  end  of  the  hills,  termed  in  the  present  report  the  Cas- 
malia  Hills.  In  speaking  of  the  even  summit  line  of  the  Point  Sal  Ridge 
he  says: 

The  regularity  is  due,  in  part  at  least,  to  the  fact  that  the  strata  on  the  summit  are 
nearly  flat  and  composed  of  the  resistant  Miocene  flints,  while  on  the  southern  slope 
the  bituminous  shales  are  followed  in  descending  order  by  a  great  thickness  of  gypsif- 
erous  clays,  in  which  broad  valleys  have  been  eroded.  Lower  down  toward  the 
ocean  the  clays  are  replaced  by  strata  of  volcanic  ash,  sandstone,  and  conglomerate, 
in  which,  because  of  their  greater  resistance,  canyons  have  been  eroded.  The  strata 
of  volcanic  ash  form  very  striking  features  in  the  landscape  on  the  lower  slopes  of  the 
ridge;  being  interbedded  with  soft  clays  they  weather  out  in  cliffs  and  projecting 
ridges. 

In  outhning  the  geology  of  the  region  of  Point  Sal  Ridge,  Fair- 
banks says : 

The  region  about  the  point  itself  has  been  the  scene  of  many  violent  disturbances 
and  repeated  eruptions  of  basic  magmas.  A  part  of  these  consolidated  as  surface 
flows,  while  others  have  the  characters  of  deep-seated  rocks. 

The  sedimentary  strata  comprise  only  the  Pleistocene,  Miocene,  and  Knoxville. 
*    *    *    The  Miocene  is  the  most  extensive  formation  represented.    *    ♦    *    It  is 

a  Bull.  Dept.  Geology  Univ.  California,  vol.  2,  No.  1, 1896,  pp.  1-92. 
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divisible  into  two  distinct  parts — the  upper,  the  bituminous  shales,  and  the  lower, 
the  gypsiferous  clays.  Below  the  clays  are  sandstone,  shales,  and  conglomerates 
resting  on  the  gabbro  and  serpentine.  *  ♦  *  The  strata  of  volcanic  ash  appear  in 
the  lower  Miocene  beds.  There  are  three  distinct  horizons,  the  lowest  resting  on  the 
gabbro. 

The  igneous  rocks  are  treated  in  especial  detail  in  this  paper  and 
a  very  good  description  is  given  of  the  bituminous  shales.  The  con- 
clusions of  the  present  writers  are  in  agreement  with  the  statements 
above  quoted  and  the  others  contained  in  Fairbanks' s  paper. 

In  1901  George  11.  Eldridge  gave  an  admirable  general  outline 
of  the  topography  and  geology  of  the  country  surround. ng  the 
Santa  Maria  field  in  his  treatise  on  *'The  asphalt  and  bituminous- 
rock  deposits  of  the  United  States/*  and  discussed  in  detail  its  asphalt 
deposits.^     He  says: 

Tht*  geology  of  the  region  embraces  an  underlying  series  of  foldeci  Monterey  shale 
of  both  the  soft  and  more  organic  material  and  that  which  is  hard  and  siliceous,  but 
the  former  predominates.  So  far  as  observed  by  the  writer  this  series  of  beds  was 
not  exposed  at  any  point  in  its  entirety.  Overlying  the  Monterey  unconformably, 
and  especially  developed  in  La.Graciosa  Hills,  is  the  heavy  and  extensive  deposit  of 
Pliocene  sands,  grits,  and  conglomerate  already  referred  to.  The  composition  of  the 
later  deposit  is  chiefly  quart zose. 

Eldridge  '*  observed  a  prevailing  central  fold  somewhat  to  the  north 
of  the  topographic  axis  of  the  ridge"  south  of  Waldorf,  in  the  Cas- 
malia  Hills,  this  being  no  doubt  the  fold  described  in  the  present  report 
as  the  Schumann  anticline.     He  says  further: 

The  Pliocene  *  *  *  shows  a  less  degree  of  folding  than  the  underlying  Mon- 
terey, yet  the  movement  that  produced  the  pre-Pliocene  ridge  has  apparently  been 
continued  subsequent  to  the  deposition  of  the  materials  of  this  age,  for  gentle  dips 
of  from  2°  to  10°  are  to  be  observed  in  the  later  formation. 

In  discussing  the  country  east  of  Los  Alamos,  between  the  San 
Rafael  Range  and  the  Santa  Ynez  Valley,  which  he  calls  the  Los 
Alamos  region,  Eldridge  says: 

In  structure  the  Los  Alamos  region  presents  a  series  of  folds  which  are  in  general 
coincident  with  the  topographic  ridges  and  valleys.  *  *  *  It  is  worthy  of  note  that 
the  valleys  of  the  region  under  consideration  for  the  most  part  occupy  the  synclinal 
troughs.  It  is  possible  that  some  of  them  also  occupy  fault  lines.  *  *  *  The  gen- 
eral trend  of  the  folds  for  the  Ix>8  Alamos  district,  and  indeed  for  a  great  stretc  h  of  coun- 
tr>'  beyond,  is  N.  70°  to  80°  W.,  the  dips  being  north  and  south.  Excepting  in  their 
tn»nd,  however,  there  is  but  little  regularity  in  the  disposition  of  the  folds,  and  their 
axes,  both  longitudinal  and  transverse,  vary  greatly  in  length.  In  addition  to  the 
main  and  conspicuous  folding  that  has  been  described,  there  are  frequent  crumples 
of  minor  importance. 

In  another  place  Eldridge  mentions  a  lens  of  limestone  included 
in  the  serpentine  in  a  high  bluff  just  north  of  Alamo  Pintado  Creek, 
along  the  old  beach  line  where  the  Fernando  was  deposited  upon  the 
Franciscan  at  the  base  of  the  San  Rafael  Mountains.     This  lime- 


a Twenty-second  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  1,  1901,  pp.  424-441. 
1784 -Bull.  322—07 2 
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stone  was  composed  largely  of  Pliocene  shells,  as  determined  by 
Doctor  Dall.  Eldridge  remarks:  ^*In  view  of  the  supposed  age  of 
the  serpentine,  it  is  thought  that  the  deposit  was  formed  by  the 
accumulation  of  sediment  and  shells  in  a  crevice  of  the  older  rocks 
at  the  time  they  perhaps  formed  the  sea  bluffs." 

The  same  writer  published  a  brief  summary  of  his  knowledge  con- 
cerning the  Santa  Maria  district  in  1903." 

The  San  Luis  folio,''  by  H.  W.  Fairbanks,  issued  in  1904,  contains 
much  that  relates  to  the  district  in  general,  although  it  pertains 
directly  only  to  the  part  containing  the  Arroyo  Grande  field.  It 
is  the  most  comprehensive  report  concerning  the  northwestern 
part  of  the  Santa  Maria  district  yet  published. 

The  present  writers  have  published  two  papers  concerning  the 
geology  and  economic  resources  of  the  Santa  Maria  district.  The 
first  is  entitled  ''Diatomaceous  deposits  of  northern  Santa  Barbara 
County,  Cal.,"*^  and  the  second  ** Preliminary  report  on  the  Santa 
Maria  oil  district,  Santa  Barbara  County,  Cal."'*  A  third  paper 
treating  more  in  detail  the  burning  of  the  shale  is  '^Metamorphism 
by  combustion  of  the  hydrocarbons  in  the  oil-bearing  shale  of 
California,"  to  be  published  in  the  Journal  of  Geology. 

EARLY  HISTORY  OF  THE  DISTRICT. 

The  Santa  Maria  district  was  up  to  1899  entirely  unknown  as  an 
oil-producing  territor}^  To  Messrs.  McKay  and  Mulholland,  of  Los 
Angeles,  is  due  the  credit  for  starting  operations  in  the  Santa  Maria 
field  proper.  After  a  favorable  report  had  been  made  by  Mr. 
Mulholland  on  certain  lands  of  the  Careaga  ranch,  the  Western  Union 
Oil  Company  was  organized,  drilled  three  prospect  holes,  and  was 
finally-  rewarded  in  August,  1901,  by  striking  paying  quantities  of 
oil  in  the  third  well.  In  1902  the  Pinal  Oil  Company,  of  Santa  Maria, 
began  operations  on  the  north  side  of  Graciosa  Ridge,  and  meeting 
with  marked  success  was  followed  by  the  many  other  companies 
that  have  since  undertaken  operations  in  this  field. 

Successful  wells  were  drilled  in  the  Lompoc  field  in  1904,  and  since 
that  time  the  further  development  of  this  part  of  the  district  has 
been  assured.  A  later  field  to  attract  attention  is  that  adjacent 
to  the  town  of  Arroyo  Grande,  where  development  is  well  under  way, 
being  stimulated  by  the  completion  of  the  successful  Tiber  well 
No.  1  late  in  1905.  Prospecting  is  now  (January.  1907)  going 
for^vard  in  the  Huasna  field  east  of  the  Arroyo  Grande  field,  and  the 
operators  there  confidently  expect  to  develop  productive  wells. 

a  Contributions  to  economic  geology,  1902:  Bull.  V.  S.  Geol.  Survey  No.  213, 1903,  p.  313. 
i»  Geologic  Atlas  L'.  S.,  folio  101,  U.  S.  Geol.  Survey  1904. 
cBull.  U.  S.  Geol  Survey  No.  315,  1907,  pp.  438-447. 
dBull.U.  S.  Geol.  Survey  No.  317, 1907,  pp.  1-69,  2  pis.,  1  flg. 
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GEOGRAPHY  Al^D  TOPOGRAPHY. 

LOCATION. 

The  region  discussed  in  this  paper  is  situated  on  the  CaUfornia  coast 
in  Santa  Barbara  County,  between  120°  and  120°  40'  west  longitude 
and  34°  30'  and  35°  north  latitude.  In  areal  extent  it  is  about  1,300 
square  miles  and  it  practically  covers  the  Lompoc  and  Guadalupe 
quadrangles  as  topographically  mapped  by  the  United  States  Geo- 
logical Survey.  It  includes  portions  of  the  San  Rafael  and  Santa 
Ynez  divisions  of  the  Coast  Ranges  and  the  basin  region  l>^g  between 
them,  which  is  occupied  by  the  Santa  Maria,  Los  Alamos,  and  Santa 
Ynez  valleys  and  the  intervening  hill  ranges.  It  is  bordered  on  the 
north  by  the  San  Luis  Obispo  County  line,  on  the  west  and  south  by 
the  Pacific  Ocean,  and  on  the  east  by  the  Santa  Ynez  quadrangle, 
which  covers  the  high,  wild  mountains  north  of  Santa  Barbara.  On 
its  west  coast  are  Point  Sal  and  Point  Arguello,  and  the  south  coast 
includes  Point  Conception  and  part  of  the  long,  straight  shore  line 
that  runs  due  east  from  that  point  toward  Santa  Barbara.  These  are 
among  the  most  prominent  coastal  features  of  California. 

The  region  is  thoroughly  intersected  by  roads,  except  in  some  of 
the  uninhabited  portions.  The  Southern  Pacific  Railroad  coast  line, 
part  of  the  transcontinental  system,  extends  close  to  the  ocean  entirely 
around  two  sides  of  the  area,  and  the  Pacific  Coast  Railroad,  a  local 
line  from  Port  Harford  and  San  Luis  Obispo,  runs  into  the  region  as 
far  as  Los  Olivos  via  Santa  Maria.  A  rough  estimate  would  place 
the  number  of  inhabitants  of  this  region  between  5,000  and  10,000. 

The  Arroyo  Grande  and  Huasna  oil  fields,  in  the  San  Luis  quad- 
rangle, San  Luis  Obispo  County,  are  also  briefly  mentioned,  although 
not  a  part  of  the  region  whose  general  features  are  described  in  this 
report. 

DEFINITIONS  OF  PLACE  NAMES. 

The  following  list  defines  certain  place  names  as  used  on  the  map 
and  in  this  report.  The  two  main  mountain  ranges  have  heretofore 
been  indefinitely  designated      The  other  names  are  newly  applied. 

The  only  land  comprised  within  the  Guadalupe  quadrangle  is  the 
narrow  strip  of  coast  west  of  longitude  120°  30'  W.  The  Lompoc 
quadrangle  covers  the  rest  of  the  area  shown  on  the  map  east  of  that 
line. 

The  San  Rafael  Mountains  include  the  whole  group  between  Santa 
Ynez  and  Cuyama  rivers. 

The  Santa  Ynez  Mountains  include  the  whole  range  east  of  Point 
Arguello  between  Santa  Ynez  River  and  the  ocean. 
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The  Casmalia  Hills  include  the  group  extending  from  the  coast  at 
Point  Sal  to  Graciosa  and  Harris  canyons  and  San  Antonio  Valley. 

The  Solomon  Hills  lie  between  the  Santa  Maria  Valley,  Foxen 
Canyon,  and  the  Los  Alamos  Valley,  and  between  Divide  and  La 
Zaca  Creek. 

The  Purisima  Hills  lie  between  Lompoc,  the  Santa  Rita  Valley,  and 
the  Santa  Ynez  Valley  on  the  south  and  the  Los  Alamos  Valley  on 
the  north,  and  between  Burton  Mesa  on  the  west  and  Alamo  Pintado 
Creek  on  the  east. 

The  Santa  Rita  Hills  lie  between  the  Santa  Ynez  and  Santa  Rita 
valleys,  extending  from  a  point  east  of  Lompoc  neariy  to  the  east 
edge  of  the  Santa  Rosa  grant. 

The  name  San  Antonio  terrace  is  applied  to  the  wide  terraced  region 
between  Casmalia  and  the  west  end  of  the  Los  Alamos  Valley. 

The  Lompoc  terrace  is  the  plateau-Uke  region  of  hills  extending 
from  the  coast  a  distance  of  about  5  miles  east  from  Honda  and  the 
same  distance  southeast  from  Surf. 

In  1896  H.  W.  Fairbanks  used  the  names  ''Point  Sal  Ridge"  for 
the  axis  of  the  hills  between  Mount  Lospe  and  Point  Sal,  and  ''Lions 
Head"  for  a  high,  rugged  mass  of  serpentine  on  the  coast  south  of 
Point  Sal.     These  features  are  so  named  here. 

RELIEF. 
GENERAL    STATEMENT. 

The  general  character  of  the  region  covered  by  the  Lompoc  and 
Guadalupe  quadrangles  is  that  of  a  triangular  hilly  basin  opening 
out  toward  the  coast  between  two  divergent  ranges  of  mountains — the 
San  Rafael  Range  in  the  northeast  portion  of  the  area  and  the  Santa 
Ynez  Range  bordering  it  on  the  south.  At  the  east  edge  of  the  area 
mapped  these  ranges  are  divided  only  by  the  valley  of  Santa  Ynez 
River  and  the  foothills  north  of  it.  Farther  west  the  distance  between 
them  grows  to  30  miles  or  more.  The  region  situated  in  this  angle  is 
primarily  a  basin,  owing  its  character  and  the  details  of  its  structure 
to  its  position  between  these  ranges.  This  basin  region,  its  struc- 
ture, and  its  oil  deposits  form  the  principal  subjects  of  discussion  in 
the  present  paper. 

Two  lines  of  hills  and  three  valleys  occupy  this  trough  between  the 
two  main  ranges,  radiating  like  the  intermediate  ribs  of  a  fan  between 
the  lines  that  bound  them.  The  more  northerly  of  the  two  lines  of 
hills  is  that  of  the  Solomon  and  Casmalia  hills,  which  are  separated 
from  the  San  Rafael  Mountains  by  the  wide  valley  of  Santa  Maria 
River.  The  more  southerly  is  the  range  of  the  Purisima  Hills,  which 
is  separated  from  the  Santa  Ynez  Mountains  by  Santa  Ynez  River. 
The.se  two  lines  of  hills  are  themselves  divided  by  Los  Alamos  Valley. 
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They  are  topographically  and  structurally  young  ranges,  except  the 
Casmalia  Hills,  at  the  extremity  of  the  northern  line,  which  have  the 
character  of  a  separate  and  old  range. 

SAN    RAFAEL   MOUNTAINS. 

The  most  prominent  topographic  feature  is  the  great  mass  of  the 
San  Rafael  Mountains  on  the  northeast  and  east,  25  to  30  miles 
hack  from  the  ocean.  The  structural  trend  of  the  range  is  N.  50°  W., 
approximately  parallel  with  the  general  course  of  the  lines  of  struc- 
ture in  California,  although  on  the  whole  more  westerly.  The  range 
runs  obliquely  to  the  north-south  coast  line  west  of  it,  but  farther 
north,  where  the  Santa  Lucia  Range,  its  northward  continuation, 
approaches  the  ocean  the  coast  curves  to  the  northwest  under  the 
control  of  the  mountains. 

Although  the  portion  of  the  San  Rafael  Range  included  within 
the  area  shown  on  PI.  I  (pocket)  composes  a  high,  rugged  maze  of 
ridges  reaching  elevations  that  range  between  2,000  and  4,300  feet, 
this  portion  is  in  the  larger  aspect,  but  subsidary  to  the  main  moun- 
tain group  farther  east,  in  which  altitudes  approaching  9,000  feet 
are  attained.  The  ridges  are  divided  by  steep  canyons,  most  of  which 
cut  transversely  across  the  formations  regardless  of  the  folding  and 
structural  lines.  Rounded  soil-covered  slopes  form  a  considerable 
portion  of  the  part  of  this  range  included  in  the  Lompoc  quad- 
rangle, but  rough,  rocky  slopes  are  likewise  abundant.  The  range 
is  traversed  centrally  by  the  well-graded  canyon  of  Sisquoc  River, 
which  divides  it  into  two  moimtain  groups.  On  the  south  and  north 
the  range  is  boimded  by  wider  graded  valleys — those  of  Santa  Ynez 
and  Cuyama  rivers.  The  Santa  Ynez  divides  two  distinct  ranges. 
The  Cuyama  forms  a  more  arbitrary  division  in  the  Coast  Ranges. 
Near  its  mouth,  at  the  point  where  it  reaches  the  area  included  in 
the  accompan3ring  map,  it  veers  to  the  south  and  cuts  a  narrow  gorge 
across  the  San  Rafael  Mountains  without  regard  to  the  structure. 
The  range  may  be  regarded  as  continuous  across  this  portion  of  the 
river. 

Within  the  triangular  area  mapped  the  high  ridges  and  mountains 
around  Zaca  Lake,  Bone  Mountain,  Tepusquet  Peak,  and  Los  Coches 
Mountain  are  boldly  defined,  with  steep  side  slopes  descending  into 
narrow  canyons^  and  as  a  rule  rounded  summits.  The  broad  ridge 
originating  north  of  Los  Coches  Mountain  and  extending  southeast- 
ward to  North  Fork  of  Labrea  Creek,  where  its  character  is  tem- 
porarily lost  until  it  appears  again  in  Manzanita  Mountain,  is  a 
striking  feature  with  its  long  southwestern  and  abrupt  northeastern 
slopes.  The  seaward  flanks  of  the  range  terminate  rather  abruptly 
in  the  terraces  bordering  the  Santa  Maria  Valley. 
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SANTA   YNEZ   MOUNTAINS. 

The  Santa  Ynez  Mountains  form  a  long,  narrow  range  bordering 
the  Santa  Barbara  Channel  and  bounded  on  the  north  by  the  westward 
flowing  Santa  Ynez  River.  The  trend  of  the  range  is  east  and  west 
and  has  determined  the  unusual  direction  taken  by  the  coast  south 
of  it.  The  range  is  about  9  miles  in  average  width  and  contains  two 
lengthwise  zones.  The  southern  zone  comprises  a  ridge  with  remark- 
ably even  sky  line,  which  rises  directly  from  the  sea.  This  ridge 
increases  in  height  toward  the  east  from  an  elevation  of  1,000  feet 
at  Point  Conception  to  3,800  feet  east  of  Refugio  Pass  and  more 
beyond  the  boundary  of  the  area  mapped.  At  Point  Conception 
the  coast  bends  abruptly  to  the  northwest  around  the  end  of  this 
ridge,  but  north  of  Jalama  Creek  a  similar  ridge,  that  of  the  mountain 
El  Tranquillon,  follows  the  coast  as  far  as  Point  Arguello,  where  the 
shore  bends  again  abruptly  and  assumes  a  northward  course.  The 
second  zone  lies  between  these  two  coast  ridges  and  Santa  Ynez 
River.  It  has  more  the  nature  of  a  foothill  region,  forming  a  partly 
individual  range  of  hills  and  ridges  separated  from  the  coastal  ridge 
by  longitudinal  valleys.  The  average  slope  from  the  summit  of  the 
range  down  to  the  sea  is  at  an  angle  of  20°  to  30°.  In  places  the 
angle  is  less,  but  on  some  individual  slopes  it  is  greater.  The  width 
of  the  range  on  the  north  of  the  summit  ridge  is  greater  and  the  slope 
more  gentle  and  more  broken  than  on  the  southern  abrupt  slope  to 
the  sea.  Viewed  from  the  ocean  on  the  south  the  range  has  the 
appearance  of  a  steep,  even-topped  breastwork;  from  the  north  it 
appears  as  a  belt  of  discontinuous  hills  and  ridges  grouped  in  front 
of  and  almost  hiding  the  long  culminating  ridge.  The  Santa  Ynez 
Range  forms  the  most  prominent  elbow  on  the  California  coast. 

The  topography  of  this  range  reflects  the  structure  more  than 
does  that  of  the  San  Rafael  Mountains,  and  deformation  within  it 
does  not  appear  to  have  gone  so  far. 

In  the  liigh  mountainous  region  east  of  the  area  mapped,  north 
of  Santa  Barbara  and  south  of  the  south  end  of  the  great  central 
valley  of  California,  centering  at  Mount  Pinos,  lies  the  point  of  con- 
vergence of  all  the  ranges  of  mountains  in  this  part  of  California — 
the  Santa  Ynez  Range  coming  in  from  the  west;  the  San  Rafael 
Range  from  the  northwest;  the  Santa  Lucia  and  San  Jose  ranges 
from  the  country  north  of  Cuyama  River;  the  Mount  Diablo  Range, 
or  easternmost  member  of  the  Coast  Ranges,  from  still  farther  north 
of  west;  the  Tehachapi  Range,  running  south  westward  from  the 
south  end  of  the  Sierra  Nevada;  and  the  San  Gabriel  Range,  which 
comes  from  the  southeast  as  the  continuation  of  the  Coast  Ranges 
in  southern  California.  Here  the  northwest-southeast  lines  of 
structure,  dominant  throughout  the  major  part  of  the  State,  are  met 
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and  opposed  by  the  east-west  structure  of  the  Santa  Ynez  Range, 
and  the  result  is  this  convergence  of  ranges  with  the  consequent 
formation  of  a  high,  structurally  complex  region.  The  Lompoc 
quadrangle  is  on  the  western  outskirts  of  this  region,  and  the  Unes 
of  relief  corresponding  to  the  two  lines  of  structure  are  here  begin- 
ning to  divei*ge  and  show  their  individuality  in  the  two  bounding 
ranges. 

SANTA   MARIA    VALLEY. 

Santa  Maria  River,  which  takes  its  rise  in  two  profound  valleys 
\dthin  the  San  Rafael  Range,  flows  along  the  foot  of  this  range  at 
the  north  edge  of  the  Santa  Maria  Valley.  This  valley  is  a  vdde 
flood  plain  ^\dth  an  even  cultivated  floor,  surrounded  by  low  terraces 
that  fringe  the  base  of  the  mountains  on  the  northeast  and  rise  into 
the  Solomon  Hills  on  the  south.  It  opens  out  to  the  sea  and  forms 
the  southern  part  of  the  low  region  lying  between  Pismo  Beach  in 
San  Luis  Obispo  County  and  the  Casmalia  Hills. 

CASMALIA   HILLS. 

The  most  prominent  feature  of  the  landscape  south  of  the  Santa 
Maria  Valley  is  a  long  ridge  with  a  level  sky  line  running  northwest- 
ward out  to  the  ocean  at  Point  Sal.  This  is  the  high  ridge  of  the  Cas- 
malia Hills,  which  rises  abruptly  from  the  Santa  Maria  Valley.  Its 
liighest  point  is  Mount  Lospe,  1,624  feet  above  the  sea.  The  slope 
up  to  this  ridge  from  the  valley  on  the  northeast  is  steep,  but  on  the 
north  the  rise  is  more  gradual  over  wide  slopes  of  dune  sand.  On 
the  southeast  the  ridge  declines  as  it  approaches  Schumann  Pass 
the  low  divide  over  which  the  railroad  crosses  from  the  Santa  Maria 
^^alley  to  Schumann  Canyon;  on  the  south  it  forks  into  successive 
ridges  which  slope  gradually  into  terraced  hilltops  bordering  Schu- 
mann Canyon;  on  the  west  it  drops  off  abruptly  into  steep,  rocky 
declivities  that  fringe  the  sea  in  the  neighborhood  of  Point  Sal.  The 
ridges  continue  southeastward  opposite  Schumann  Pass  as  far  as 
Graciosa  Canyon,  where  they  sink  under  more  recent  sand  formations 
apd  lose  their  character.  South  of  Schumann  Canyon  the  terraced 
slope  continues  in  the  San  Antonio  terrace  as  a  wide  plateau  locally 
intersected  by  sharply  defined  U-shaped  canyons.  The  Casmalia 
Hills,  particularly  that  portion  north  of  Schumann  Canyon,  have  a 
distinct  individuality  among  the  topographic  features  of  the  basin 
region,  and  may  be  regarded  as  a  separate  although  small  range 
allied  in  age  and  character  with  the  bounding  ranges.  It  is  conform- 
able in  trend  with  the  San  Rafael  Mountains  and  forms  a  prominent 
headland  jutting  out  to  sea. 

Most  of  the  ridges  in  these  hills  follow  the  strike  of  the  beds. 
Their  summits  are  characteristically  of  gentle  incline;  the  side  slopes 
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range  from  gentle  to  fairly  steep,  being  in  many  places  determined 
by  the  dip.  PL  IX,  A  (p.  80)  shows  excellent  examples  of  the  strike 
ridges,  dip  slopes,  and  even  sky  lines  of  these  hills.  The  ridges  di- 
verging from  Mount  Lospe  are  given  prominence  by  the  hard  flint  of 
which  they  are  formed,  and  the  sharp  outlines  of  the  slopes  along  the 
coast  southward  from  Point  Sal  are  caused  by  the  resistant  igneous 
rocks  there  exposed. 

South  of  the  Casmaha  Hills  the  sea  has  cut  into  soft  formations 
and  along  structural  lines,  so  as  to  leave  the  Point  Sal  Ridge  jutting 
out  as  a  promontory.  The  same  is  true  on  a  smaller  scale  south  of 
Purisima  Point,  the  seaward  extension  of  Burton  Mesa,  and  south 
of  the  west  end  of  the  Santa  Ynez  Range.  The  coast  north  of  each  of 
these  headlands  runs  northward,  wdth  only  a  gentle  curve  away  from 
the  point,  until  the  indentation  south  of  the  next  range  is  reached. 
The  east-west  coast  lines  follow  structural  features;  the  north-south 
hnes  truncate  them.  Faults  are  not  concerned  in  any  of  the  north- 
south  features  along  this  part  of  the  coast. 

North  of  the  Casmalia  Hills  the  coast  forms  a  straight  north-south 
line  bordering  the  lowland  that  opens  out  at  the  mouth  of  the  Santa 
Maria  Valley  as  far  as  the  deep  indentation  at  the  base  of  the  San 
Luis  Range,  which  exhibits  the  best  example  of  this  type  of  coastal 
structure.  The  latter  range  lies  in  the  San  Luis  quadrangle  and  has 
been  described  in  the  folio  covering  that  region." 

SOLOMON    HILLS. 

Although  the  Casmalia  Hills  drop  into  insignificance  in  the  vicinity 
of  Graciosa  and  Harris  canyons,  their  general  line  of  topograpliic 
relief  continues  with  a  more  easterly  course  toward  the  San  Rafael 
Mountains,  the  whole  being  in  fact  a  spur  of  this  range.  The  Solo- 
mon Hills  are  a  group  of  low,  rolling  hills  covering  a  wade  area  between 
the  Santa  Maria  and  Los  Alamos  valleys.  From  a  distance  the  area 
looks  like  an  undulating  plateau  sloping  away  on  all  sides  except  the 
east  to  wide,  slightly  inclined  or  flat  valleys. 

The  features  of  the  topography  of  the  Solomon  Hills  are  showTi 
in  PI.  XI  (p.  98).  From  a  point  near  at  hand  the  individual  hills 
and  valleys  of  irregular  round  and  square  forms  assume  bold  outlines. 
The  angular  slope  of  hills  capped  with  low-dipping  beds  of  sand  and 
having  steep,  squarish  flanks  is  very  characteristic  of  the  region. 
Many  ridges  have  fairly  flat  summits,  which  slope  gently,  with  a  long, 
even  sky  lino,  and  are  due  to  surface  cappings  of  sand  hardened  by  iron 
oxide.  Such  a  capping  has  in  places  the  appearance  of  a  resistant 
bed  forming  the  ridge  top  and  determining  the  slope  by  its  low"  dip. 

Mount  Solomon  has  an  elevation  of  1 ,338  feet  and  other  peaks  rise 

aQt^ologic  Atlas  U.  S.,  folio  101,  U.  S.  Geol.  Survey,  1904. 
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as  high  as  1,600  feet.     A  common  height  for. summits  in  these  hills 
is  1,200  feet. 

Wide,  shallow,  filled  valleys  between  the  rolling  summits  are  char- 
acteristic of  the  Solomon  Hills,  the  soft  valley  filling  being  as  a  rule 
sharply  cut  along  a  meandering  course  by  a  miniature  stream  gorge 
that  has  been  rapidly  eroded.  Many  of  these  recent  channels  are 
deeper  than  they  are  wide.  In  the  vicinity  of  La  Zaca  Creek  on  the 
east  the  Solomon  Hills  merge  with  these  foothills,  and  the  general 
topographic  features  are  continued  in  them.  The  Solomon  Hills 
owe  their  low  outlines  largely  to  their  structural  development  rather 
than  to  their  topographic  maturity.  It  has  been  an  area  of  building 
up  as  well  as  of  wearing  away,  and  the  original  topography,  which 
reflected  characteristically  the  folds  of  the  sedimentary  formations, 
has  been  obscured  by  further  deposition  and  by  the  filhng  of  valleys, 
in  addition  to  alteration  by  erosion. 

LOS    ALAMOS    VALLEY. 

The  incline  of  the  Solomon  Hills  on  the  south  is  gradual  down  to 
the  Los  Alamos  Valley.  This  valley  extends  from  the  region  where 
the  Solomon  and  Purisima  hills  coalesce  in  the  foothills  of  the  San 
Rafael  Range  a  distance  of  about  27  miles  to  the  coast,  in  a  direction 
about  N.  75^  W.  This,  it  will  be  noted,  is  much  more  westerly 
than  the  trend  of  the  Santa  Maria  Valley.  The  Los  Alamos  Valley 
separates  the  two  basin  ranges — the  Solomon  and  Purisima  hills — 
and  is  a  drainage  feature  of  them  alone.  The  average  altitude  at  the 
summit  of  its  watershed  is  from  1,000  to  1,300  feet;  and  the  highest 
elevation  that  the  watershed  reaches  anywhere  is  less  than  2,000  feet. 
All  the  water  from  the  higher  surrounding  regions  that  drains  into 
the  Santa  Maria  basin  region  escapes  either  into  the  Santa  Maria 
Valley  on  the  north  or  the  Santa  Ynez  Valley  on  the  south. 

PURISIMA    HILLS. 

The  second  of  the  two  hill  ranges  is  that  of  the  Purisima  Hills,  which 
forms  a  definitely  outlined  structural  and  topographic  unit  spring- 
ing from  the  plateau  region  about  Santa  Ynez  and  the  foothills  of  the 
San  Rafael  Range  in  the  vertex  of  the  triangular  basin.  It  rises  at 
that  point  in  the  shape  of  a  number  of  strike  ridges  which  run  north- 
westward and  then  curve  around  to  the  west,  coming  together.  For 
most  of  the  distance  to  the  ocean  beyond  this  junction  the  range  con- 
sists of  a  single  ridge  running  parallel  to  the  Los  Alamos  Valley.  On 
the  north  it  sends  out  lateral  ridges  that  drop  off  rather  abruptly  into 
the  Los  Alamos  Valley.  These  ridges  are  separated  by  fairly  sharp 
V-shaped  valleys,  although  some  of  the  valleys  have  sides  of  more 
gentle  slope  and  filled  bottoms.     A  striking  topographic  feature  is  a 
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longitudinal  trough  running  for  miles  parallel  with  this  range  and  the 
Los  Alamos  Valley  and  cutting  across  the  ends  of  the  above-mentioned 
ridges  at  right  angles  to  them,  ^t  a  distance  of  one-half  to  1  mile  from 
the  valley.  It  notches  all  the  ridges  and  leaves  an  individual  row  of 
knobs  100  to  200  feet  in  relief  bordering  the  valley.  This  depression 
is  not  a  continuous  drainage  feature,  but  is  stratigraphically  of  impor- 
tance as  approximately  marking  the  contact  between  the  Monterey 
shale  and  the  loose  Fernando  sand.  On  the  south  side  of  the  sunrnriit 
of  the  Purisima  Hills  the  lateral  ridges  extend  a  long  way  with  a  imi- 
form  gentle  slope,  like  remnants  of  an  eroded  inclined  plateau.  At 
their  base,  some  miles  from  the  summit,  and  usually  from  500  to  1,000 
feet  below,  these  southern  slopes  merge  into  an  undulating  hilly 
plateau  that  has  the  appearance  of  being  buried  under  soft  recent 
sand.  The  range  is  broadest  at  the  east  end,  where  it  consists  of  a 
number  of  parallel  ridges.  The  point  of  convergence  of  some  of  these 
is  Redrock  Mountain,  which  is  1,968  feet  high  and  the  highest  summit 
in  these  hills.  Thence  westward  the  hilly  zone  narrows  into  a  single 
central  ridge  and  its  offshoots,  and  gradually  pinches  out,  finally  giv- 
ing place  on  the  south  and  west  to  a  broad  terrace  in  which  its  hilly 
character  is  lost.  The  summit  of  the  main  ridge  of  the  Purisima 
Hills  west  of  Redrock  Mountain  gradually  declines  in  height  and  for 
most  of  the  way  it  is  remarkably  even,  the  elevation  varying  betw^een 
1,200  and  1,000  feet.  At  the  elevation  of  1,000  feet  it  grades  into 
the  smooth  terrace  called  Burton  Mesa. 

BURTON    MESA. 

Burton  Mesa  is  a  marine  terrace  covering  more  than  50  square  miles, 
which  slopes,  with  an  average  gradient  of  2iper  cent,  away  from  the 
west  end  of  the  Purisima  Hills,  reaching  the  sea  within  7  J  miles.  It 
is  composed  of  Monterey  shale,  in  the  main  rather  gently  folded, 
which  has  been  planed  off  and  covered  with  a  thickness  of  about  25 
feet  of  horizontal  gravel  and  loose  sand.  From  the  elevation  of  1,000 
feet,  where  the  continuous  sheet  of  sand  overlaps  on  the  end  of  the  Puri- 
sima ridge,  down  to  the  600-foot  level  the  distance  in  a  west-south- 
west direction  is  three-fourths  of  a  mile  and  the  slope  10  per  cent. 
Within  the  next  three-fourths  of  a  mile  a  drop  of  100  feet  occurs,  the 
.slope  being  2 J  per  cent.  Beyond  lies  the  main  level  stretch  of  the 
plateau  for  a  distance  of  5  miles,  with  no  greater  slope  than  three- 
fourths  of  1  per  cent  until  the  elevation  of  300  feet  is  reached,  in  the 
southwest  corner  of  the  mesa,  where  there  is  an  abrupt  change  to  a 
10  per  cent  slope,  the  distance  down  to  elevation  100  feet  being  only 
one-third  of  a  mile.  Below  the  100-foot  level  there  is  a  bench  with 
a  3  per  cent  grade  as  far  as  the  edge  of  the  cliflF  which  faces  the  sea, 
and  which  is  in  most  places  about  25  feet  above  the  water.     North 
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of  Canada  Tortuga  the  steeper  portion  above  the  coastal  bench  is  only 
100  feet  high,  and  in  the  northwest  comer  of  the  mesa  the  main 
terrace  and  the  coastal  bench  grade  into  each  other  and  become 
practically  one. 

SANTA   YNEZ   VALLEY   AND   SANTA    RITA    HILLS. 

Santa  Ynez  River  is  the  second  of  the  two  main  drainage  lines  of 
the  area,  Los  Alamos  Creek,  the  next  in  size,  being  much  subordinate 
to  these  two.  The  Santa  Ynez  rises  in  the  high  region  north  of  Santa 
Barbara  and  flows  westward  between  the  Santa  Ynez  and  San  Rafael 
ranges.  From  the  east  edge  of  the  Lompoc  quadrangle,  where  these 
two  ranges  diverge,  it  flows  slightly  to  the  north  of  west,  at  the  foot 
of  the  Santa  Ynez  Mountains.  Its  course  is  even  more  westerly  than 
that  of  the  Los  Alamos  Valley  imtil  it  approaches  the  ocean,  where 
the  nose  of  the  Santa  Ynez  Range,  as  in  the  two  ranges  farther  north, 
shows  a  tendency  to  change  its  orientation  into  greater  conformity 
with  the  northwesterly  course  of  the  San  Rafael  Range. 

This  stream  has  a  low  gradient  of  only  one-fourth  of  1  per  cent.  Its 
valley  has  a  steep  side  on  the  south  formed  by  the  hills  of  the  Santa 
Ynez  Range,  but  it  is  widened  on  the  north  by  the  easy  slopes  of  ter- 
races and  sand  hills,  except  at  the  Santa  Rita  Hills,  which  rise  midway 
in  the  river's  course. 

The  Santa  Rita  Hills  form  a  small  separate  range  reaching  a  height 
of  1,300  feet  and  resembling  in  miniature  the  Purisima  Hills.  The 
range  starts  from  the  valley  in  several  strike  ridges  running  north- 
west, which  join  in  the  highest  part  of  the  range  and  then  continue 
due  west  as  a  single  ridge.  The  river  follows  a  tortuous  course  be- 
tween this  and  the  Santa  Ynez  Range  and  has  cut  cliffs  in  many  places. 
On  the  north  the  Santa  Rita  Hills  are  divided  from  the  Purisima 
Hills  by  the  Santa  Rita  Valley,  a  low  basin  similar  to  some  portions 
of  the  Santa  Ynez  Valley. 

The  level  floor  (f  the  river  valley,  including  the  stream  bed  and  the 
somewhat  higher  terrace-like  flats  on  either  side,  ranges  in  width  from 
a  few  hundred  feet  to  about  a  mile  until  within  10  miles  of  the  ocean, 
where  it  opens  out  into  the  Lompoc  Valley,  an  alluvial  flat  several 
miles  wide. 

TERRACED    COAST. 

Pleistocene  terraces  border  the  coast  for  the  greater  part  of  the 
distance  around  the  Guadalupe  and  Lompoc  quadrangles.  The 
great  Burton  Mesa  terrace  has  already  been  mentioned.  Beyond  the 
valleys  to  the  north  and  south  of  tliis  mesa  similar  terraced  areas 
extend  wddely  and  in  places  to  a  considerable  distance  inland,  but  no- 
where else  with  so  gentle  a  slope  as  is  exhibited  on  the  Burton  Mesa. 
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Where  steep  liills  descend  toward  the  coast  there  is  almost  without 
exception  a  coastal  terrace  starting  at  the  top  of  the  sea  cUff,  which, 
as  a  rule,  ranges  in  height  from  a  few  feet  to  more  than  50  feet  above 
the  wat^r.  Most  of  these  terraces  extend  up  to  an  elevation  greater 
than  200  feet.  Some  of  them  have  left  traces  at  a  height  of  300  feet 
or  more,  and  others  continue  perfect  to  this  altitude  or  even  higher. 

GENERAL  TOPOGRAPHIC  FEATURES. 

The  point  of  especial  interest  in  the  topography  of  the  central  region 
between  the  two  bounding  ranges  is  its  characteristic  reflection  of  the 
structure  of  the  formations,  whereas  in  the  mountains,  as  has  been 
noted,  the  topographic  development  has  be^n  less  in  accordance  with 
the  lines  of  structure.  An  anticline  in  the  central  region  is  apt  to  be 
coincident  with  a  ridge,  as,  for  example,  in  the  long  ridge  of  the 
Purisima  Hills,  which  lies  close  to  the  axis  of  a  broad  anticline. 
Moreover,  some  of  the  larger  valleys  mark  the  synclinal  axes  of  the 
broad  lines  of  structure — a  statement  illustrated  by  the  Santa  Ynez 
Valley  in  parts  and  by  its  structural,  although  not  actual,  continua- 
tion in  the  Santa  Rita  Valley.  It  is  also  exemplified  by  the  upper  por- 
tion of  the  Los  Alamos  Valley  and  by  Harris  Canyon.  These  topo- 
graphic features  may  be  accounted  for  by  the  facts  that  the  main 
movements  in  these  hill  ranges  have  been  gentle  as  compared  with 
those  in  the  older  mountain  masses,  that  the  disturbances  giving 
them  form  have  been  comparatively  recent,  and  that  deformation 
has  not  gone  so  very  far.  Wherever  there  are  low  areas  of  rolling 
hills  it  is  almost  sure  to  be  found  that  a  syncline  or  plunging  fold  has 
given  rise  to  structural  depressions  in  which  deposits  of  soft  sand  pro- 
ducing low  topographic  forms  have  been  laid  down. 

The  character  of  the  different  formations  shows  its  influence  on  the 
topography.  The  areas  of  serpentine  with  associated  Franciscan  rocks 
have  irregular  broken  surfaces  with  many  outcrops  and  usually  an  old, 
well-worn  appearance.  The  dominantly  sandstone  and  shale  terranes 
described  under  the  headings  ' * pre-Monterey  rocks"  and  '^Vaqueros, 
Sespe,  and  Tejon  formations,  undifl'erentiated,"  do  not  give  rise  to  a 
very  distinctive  topography.  They  form  a  succession  of  ridges  and 
V-shaped  canyons  of  moderate  relief  and  comparative  regularity.  In 
many  places  the  truncated  edges  of  the  tilted  strata  form  steep,  rough 
strike  slopes.  The  Monterey  shale  produces  the  forms  of  highest  relief 
in  this  region,  as  well  as  forms  of  low  relief,  according  to  the  amount 
of  folding  that  has  taken  place  in  it  and  to  its  hardness.  The 
brittle  shale  closely  folded  gives  rise  to  shaq>  ridges,  many  of  them 
serrate,  with  steep,  rocky  flanks.  Ridges  of  highly  tilted  shale  are 
shown  in  PI.  VI,  B  (p.  46).  The  lower  folds  produce  hills  of  gentle 
incline  and  long  unbroken  ridges,  in  places  parallel  with  the  strike 
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and  having  a  dip  slope,  as  shown  in  PI.  IX,  A  (p.  80).  Character- 
istic of  the  soft  shale  are  hills  having  the  form- of  mounds  with  sym- 
metrical rounded  contours  and  with  few  prominent  outcrops  except 
pavements  of  shale  forming  the  surface.  The  soft  Fernando  sands 
form  small  hills  that  look  Uke  irregular  sand  piles,  and  long  slopes 
with  shallow  erosion  features.  Some  of  these  slopes  reflect  the 
dip  of  the  strata  on  the  flanks  of  low  folds  and  are  structurally 
inclined  plateaus  in  a  typical  state  of  youthful  dissection.  The  val- 
leys are,  in  many  places,  filled  with  sand  that  has  shifted  down  from 
the  hills  faster  than  it  could  be  carried  away  by  agencies  of  transpor- 
tation. Great  cliffs  of  soft  sand  are  common  as  the  result  of  the  rapid 
undermining  and  removal  of  portions  of  hills.  Thus  walled  cirques 
are  formed.  Harder  materials  in  the  Fernando  cause  squarish  forms, 
such  as  that  of  Mount  Solomon.  The  terraces  of  the  Quaternary 
give  a  strong  individuality  to  the  topography  of  this  region.  They 
are  widely  in  evidence  along  the  coast,  in  valleys,  at  all  levels  up  to 
1,200  or  1,400  feet  on  slopes,  on  hilltops,  and  along  horizon  lines. 

DRAINAGE  AND  RAINFALL. 

The  three  principal  streams  have  received  mention  under  the  pre- 
vious headings.  A  small  amount  of  water  runs  in  them  all  the  year 
round,  but  the  quantity  is  only  rarely  sufficient  in  either  of  the  two 
main  streams  to  warrant  their  being  called  rivers.  This  name  is 
applied  to  them  on  the  ground  of  the  importance  of  their  drainage 
areas.  Almost  all  the  drainage  of  the  two  quadrangles  flows  into 
these  thre^  streams.  In  the  main  they  run  parallel  to  the  strike  of 
the  formations.  In  addition  to  those  already  mentioned,  others  that 
run  independently  into  the  sea  are  Casmalia  Creek,  in  Schumann  Can- 
yon, which  first  cuts  obliquely  across  the  end  of  the  Casmalia  Hills 
and  then  assumes  a  longitudinal  course;  Canada  Honda  Creek  and 
Jalama  Creek,  the  two  last  having  deeply  cut  courses  parallel  with  the 
structural  lines  at  the  west  end  of  the  Santa  Ynez  Mountains.  The 
steep  seaward  slope  of  these  mountains  is  cut  into  by  a  great  number 
of  short,  steep,  transverse  gorges. 

The  portion  of  the  San  Rafael  Range  lying  wathin  the  area  covered 
by  the  map  is  drained  principally  by  Sisquoc  and  Cuyama  rivers, 
which  flow  along  well-graded  courses,  and  by  the  minor  streams, 
Labrea  and  Tepusquet  creeks.  With  the  exception  of  the  Cuyama, 
these  watercourses  and  the  majority  of  the  others  in  the  mountains 
have  cut  transverse  canyons  across  the  formations  regardless  of  the 
folding  and  the  structural  lines.  In  this  respect  they  differ  from  the 
streams  farther  south. 

On  the  whole,  it  is  rather  a  dry  region.  An  average  of  only  12  or  15 
inches  of  rain  falls  annually,  during  the  winter  rainy  season.     During 
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the  long  dry  season  almost  complete  evaporation  of  surface  moisture 
takes  place,  and  thei:e  is  little  erosion  through  the  aid  of  water. 
Throughout  the  latter  part  of  the  Quaternary  period  the  rate  of  ero- 
sion has  probably  been  slow. 

CLIMATE  AND  VEGETATION. 

The  climate  of  this  area  is  that  of  the  coastal  region  of  California. 
It  is  equable  the  whole  year  round,  excessive  heat  or  cold  being 
very  rare.  The  days  are  mild,  the  nights  chilly.  The  region  is  sub- 
ject to  the  inroads  of  heavy  fogs  and  driving  winds  from  the  op)en 
ocean,  but  this  is  true  to  a  lesser  degree  in  the  eastern  angle  of  the 
basin,  where  there  are  protecting  hills  on  all  sides.  The  winds 
blow  very  strongly  from  the  west  and  northwest  up  the  radiating 
valleys  that  open  to  the  coast.  The  region  is  subject  to  earth- 
quakes, some  of  which  would  seem  to  be  of  local  origin. 

The  vegetation  in  the  northern  part  of  Santa  Barbara  County  is 
open,  as  in  the  neighboring  portions  of  California.  There  are  almost 
no  dense  groves  of  trees,  most  of  the  hills  being  sparsely  clothed 
with  a  scattering  growth  of  small  trees,  usually  live  and  white  oaks, 
and  bushes,  or  else  entirely  bare,  except  for  sagebrush  and  grass. 
The  wide  terraces  and  hills  of  soft  sand  are  commonly  overgrown 
with  so-called  tarweed  and  are  otherwise  almost  bare.  In  the  val- 
leys near  the  coast  grow  many  willows;  in  the  more  protected  val- 
leys farther  inland  thrive  large  sycamores,  cotton  woods,  and  live 
and  white  oaks.  The  steep  slopes  of  the  San  Rafael  Range  are 
sparsely  set  with  small  oaks,  pines,  and  yuccas,  and,  like  those  of 
the  Santa  Ynez  Range,  are  covered  in  parts  by  dense  thickets  of 
undergrowth. 

The  vegetation  of  the  hill  ranges  of  the  basin  region  is  typically 
illustrated  bv  PI.  IX  (p.  80)  and  of  the  San  Rafael  Mountain  region 
by  PI.  VI  (p.  46). 

GEOIiOGY. 

SEDIMENTARY  FORMATIONS. 

GENERAL   STATEMENT. 

The  formations  involved  in  the  geology  of  tliis  district  (see  PI.  II) 
include  the  Franciscan  (Jurassic  ?) ;  Knoxville  (lower  Cretaceous) ; 
pre-Monterey  rocks  (which  may  include  both  Cretaceous  and  older 
TertiarjO;  Tejon,  Sespe,  and  Vaqueros,  undifferentiated  (Eocene- 
Miocene)  ;  Monterey  (middle  Miocene) ;  Fernando  (Miocene-Pliocene- 
Pleistocene)  ;  and  Quaternary.  The  maximum  known  thickness  of  the 
Tertiary  and  early  Quaternary  formations  combined  is  13,200  feet. 
The  following  table  shows  the  correlation  of  these  formations  with  the 
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standard  California  section  and  with  that  of  Santa  Clara  Valley,  Ven- 
tura County : 

Tentative  correlation  of  formations  of  Santa  Maria  district  with  the  standard  California 
Coast  Range  section  and  with  that  of  the  Santa  Clara  Valley. 


standard  Coast  Range       Santa  Maria  district 
section.  1  section. 


Santa  Clara  Valley 
section. 


Alluvium. 


San  Pedro. 


Alluvium. 


.\lluvmm. 


Unconformity - 
Merced. 

Purlslma. 


Terrace    deposits     and     Sand  and  gravel. 
I      dune  sand. 
Unconformity Unconformity 


San  Pablo. 

—  Unconformity Unconformity 


Fernando. 


Fernando. 


Monterey. 


Vaqueros. 


Monterey. 


San  Lorenzo. 
—  Unconformity? 

Tejon. 

• 1 

Martinez. 

Unconformity?  — | 
Chlco.  j 

Unconformity . 

Horsetown.  ] 

I Unconformity 1 

Knoxvllle.  KnoxvlUe. 

Unconformity 


Unconformity  — ■ 

6  rShttle. 

j^  J  Upper  sandstone. 

^1  Shale. 

S  [Lower  sandstone. 


-i  Vaqueros,    Sespe,    and 

I  Tejon.  undifferenti- 
ated (including  some 
-|      Monterey     In     Santa  i  ^  [Lower 

I      Ynez  Range).  ' 


Vaqueros. 


•er. 
beds. 


(?) 


Franciscan. 

Unconformity 

Granite,  schist,  etc. 


Franciscan. 


Topatopa. 


(7) 


—  I'nconformlty  — 
G  ranlte,  gneiss,  etc. 


FRANCISCAN    FORMATION    (JURASSIC?). 

The  oldest  rocks  within  the  Santa  Maria  district  belong  to  the  Fran- 
ciscan formation,  which  is  probably  of  Jurassic  age.  H.  W.  Fair- 
banks described  the  same  formation  under  the  name  San  Luis  in  the 
San  Luis  folio.  The  Franciscan  is  a  very  important  basement  for- 
mation m  the  Coast  Ranges  farther  north.  The  small  areas  of  these 
rocks  occurring  here  consist  of  remnants  of  beds  of  sandstone,  shale, 
glaucophane  schist,  and  jasper  associated  with  serpentine  that  has 
probably  been  intrusive  in  them.  The  sandstone  is  usually  of  a  dark- 
green  color,  fairly  fine  grained,  and  considerably  indurated.  The 
jasper  is  banded  by  thin  contorted  beds.     These  sediments  are  so 
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disturbed  that  little  clew  as  to  their  structure  can  be  obtained,  and 
so  local  in  extent  that  no  attempt  has  be^n  made  in  mapping  to 
diflferentiate  them  from  the  accompanying  serpentine. 

KNOXVILLE  FORMATION  (LOWER  CRETACEOUS). 

Several  small  areas  of  sedimentary  rock  occur  which  can  be  defi- 
nitely assigned  on  fossil  evidence  to  the  Knoxville,  or  lower  Cretaceous. 
The  two  most  important  are  north  of  Mount  Lospe.  in  the  Casmalia 
Hills.  The  rock  is  chiefly  dark-colored,  unaltered  argillaceous  shale, 
such  as  is  characteristic  of  the  Knoxville  throughout  its  wide  area 
of  distribution  in  the  California  Coast  Ranges.  Sandstone  and  con- 
glomerate occur  in  lesser  amounts.  .  Brownish-yellow  sandstone, 
similar  to  that  common  in  the  Knoxville  in  the  Coast  Ranges  several 
hundred  miles  farther  north,  occurs  on  the  border  of  an  irregular 
area  of  diabase  on  Tepusquet  Creek,  in  the  San  Rafael  Mountains, 
and  contains  the  characteristic  Knoxville  fossil  Aucella  piocJiii  Gabb 
(PI.  XIII,  figs.  1,  2,  3a,  3b,  p.  128).  The  rock  is  present  only  in  very 
small  patches,  and  seems  to  have  been  brought  up  from  below  by  the 
diabase  intrusion.  The  Knoxville  was  recognized  in  one  other  place 
in  the  San  Rafael  Mountains  a  few  miles  north  of  Zaca  Lake,  at  the 
base  of  the  series  mapped  as  pre-Monterey,  where  also  it  contains 
Aucella  piocJiii.  It  is  very  likely  that  a  portion  of  the  areas  mapped 
as  pre-Monterey  belongs  to  the  lower  Cretaceous,  but  it  is  not  prob- 
able that  the  whole  does. 

PRE-MONTEREY   ROCKS. 

Two  large  areas  of  sedimentary  rocks  whose  age  has  not  been 
determined  otherwise  than  that  they  are  older  than  the  Monterey 
occur  in  the  San  Rafael  Mountains.  They  are  mapped  as  pre- 
Monterey  rocks.  It  is  probable  that  strata  of  Knoxville  (lower 
Cretaceous)  age  occur  at  the  base  of  the  series  in  those  areas  and 
that  the  higher  portions  represent  either  the  upper  Cretaceous  or 
the  Eocene,  or  both.     Detailed  work  was  left  until  another  time. 

The  larger  of  these  two  areas  occupies  the  northeast  corner  of  the 
region  shown  on  the  map,  and  is  about  60  square  miles  in  extent. 
The  other  lies  on  the  northeastern  slope  of  the  high  ridge  north  of 
Zaca  Lake.  In  these  areas  are  exposed  a  great  series  of  tliin-bedded, 
dark-colored,  locally  greenish  shale  alternating  with  more  massively 
bedded  sandstone,  which  is  in  places  of  a  very  granitic  nature.  Con- 
glomerate, much  of  it  plainly  evidencing  its  origin  from  granite, 
occurs  in  minor  horizons.  Knoxville  fossils  were  found  in  a  gritty 
greenish  sandstone  near  the  lowest  portion  of  this  pre-Monterey 
terrane,  about  2  miles  north  of  Zaca  Lake.  The  higher  portion  seems 
to  be  the  continuation  of  a  formation  in  San  Luis  Obispo  County  that 
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has  been  considered  upper  Cretaceous  and  of  one  in  southeastern 
Santa  Barbara  County  that  has  been  ascribed  to  the  Eocene.  Its 
age  is  therefore  much  in  doubt.  It  may  also  include  at  the  top  part 
of  the  Vaqueros  (lower  Miocene),  which  overhes  this  doubtful  ter- 
rane  and  of  which  the  base  has  not  been  definitely  determined. 

Structurally  the  strata  included  in  this  pre-Monterey  group  lie 
beneath  the  Monterey  and  upper  Vaqueros,  but  though  far  older 
they  do  not  bear  so  strongly  the  marks  of  intense  folding  as  do  the 
brittle  Monterey  shales.  They  are,  however,  steeply  upturned,  and 
the  lines  of  folding,  as  in  the  case  of  the  other  formations,  are  in  gen- 
eral in  a  northwest-southeast  direction. 

tejon,    sespe.    and    vaqueros    formations,    undifferentiated 

(eocene-miocene)  . 

oeneral  statement. 

The  Santa  Ynez  Range  is  mostly  composed  of  a  thick  terrane  of 
marine  sediments  equivalent  to  a  part  or  all  of  the  Tejon  {prmation 
and  the  Vaqueros  formation.  The  former  is  Eocene  and  the  latter 
lower  Miocene  in  age.  This  terrane  comprises  a  continuous  succes- 
sion of  marine  sediments  of  detrital  origin,  seeming  to  present  no 
point  at  which  an  angular  unconformity  exists,  although  the  line  at 
the  base  of  the  coarse  conglomerate  containing  the  Vaqueros  fossils 
doubtless  marks  a  long  time  interval. 

In  the  preUminary  report  on  the  Santa  Maria  district**  mention  is 
made  of  the  Sespe  formation  as  being  represented  here,  and  a  small 
area  of  it  is  shown  on  the  map  accompanying  that  report.  The 
Sespe  formation  belongs  to  the  Eocene  or  Oligocene  and  is  a  distinct 
formation  above  the  Tejon  and  below  the  Vaqueros.  It  occurs  ex- 
tensively in  the  Santa  Ynez  Mountains  north  of  Santa  Barbara,  and 
an  outcrop  of  blood-red  sandstone  in  this  range  3^  miles  south  of 
the  Santa  Ynez  Mission  was  indicated  on  the  outline  map  as  belong- 
ing to  the  Sespe  because  of  its  lithologic  resemblance  to  the  typical 
rocks  of  this  formation.  This  small  area  has,  however,  not  been 
separately  shown  on  the  present  map,  as  there  is  no  good  proof  of 
its  age.  It  is  quite  possible  that  the  Sespe  formation  is  represented 
in  parts  of  this  western  portion  of  the  range  by  rocks  not  recogniz- 
able on  the  lithologic  grounds  which  are  deemed  sufficient  for  the 
determination  of  this  formation  in  the  vicinity  of  Santa  Barbara  or 
the  Ojai  Valley,  to  the  east;  or  it  may  be  that  sedimentation  was 
not  operative  in  the  western  part  of  the  range  during  Sespe  time,  and 
therefore  that  rocks  of  that  age  are  lacking  from  the  geologic  section 
in,  this  region.  The  amount  of  work  done  in  the  Santa  Ynez  Range 
does  not  warrant  a  full  discussion  of  the  structure  and  relations  of 
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its  rocks  stratigraphically  below  the  base  of  the  Monterey  (middle 
Miocene)  shale. 

Strata  corresponding  to  the  upper  portion  of  the  Tejon-Sespe- 
Vaqueros  terrane  have  been  recognized  also  in  the  San  Rafael  Moun- 
tains, where  they  are  exposed  at  the  base  of  the  Monterey  (middle 
Miocene),  and  it  may  be  that  the  pre-Monterey  rocks  are  in  part 
equivalent  to  the  lower  portion  of.  this  terrane.  The  Vaqueros  and 
possibly  part  of  the  Tejon  are  present  also  in  the  Casmalia  Hills. 

LITHOLOOXO  CHA&AGTEB. 

The  lower  portion  of  the  terrane  is  made  up  of  a  thick  series  of 
greenish-gray  coarse  and  fine  sandstones,  many  of  them  concretion- 
ary in  character,  interbedded  with  dark,  fine-grained,  thin-bedded 
shales  in  lesser  amount.  Toward  the  middle  of  the  terrane  the  shale 
increases  in  amoimt,  alternating  with  thin  beds  of  sandstone.  Much 
of  the  shale  has  a  characteristic  olive-gray  color,  and  owing  to  its 
hard,  gritty,  brittle  nature  it  makes  excellent  road  material  for  the 
Santa  Ynez  Valley.  The  shales  and  sandstones  give  place  above 
the  middle  of  the  terrane  to  deposits  of  shallow-water  character — 
coarse  sandstone  and  a  great  quantity  of  coarse,  in  many  places  green- 
ish or  reddish,  gravelly  conglomerate.  This  conglomerate  contains 
abundant  Vaqueros  fossils  and  probably  represents  the  base  of  that 
formation  and  a  period  of  shallow-water  conditions  with  which  the 
Vaqueros  began.  The  conglomerate  gives  place  in  turn  to  more 
shale  and  sandstone,  which  continue  to  the  summit  of  the  terrane. 
At  the  top  there  is  a  conformable  gradation  into  the  Monterey  (mid- 
dle Miocene)  beds,  the  summit  of  the  Vaqueros  being  marked  by  a 
calcareous  zone  in  many  places — as,  for  instance,  southwest  of  Lom- 
poc,  where  the  two  formations  are  divided  by  a  very  prominent 
exposure  of  hard  limestone.  This  limestone  is  quarried  and  used  in 
the  refining  of  beet  sugar.  Sandstone,  shale,  and  conglomerate 
belonging  to  the  Tejon-Sespe- Vaqueros  terrane  occur  at  the  seaward 
end  of  the  Casmalia  Hills.  They  form  a  series  conformably  imder- 
lying  the  Monterey  (middle  Miocene);  but  they  are  separated  from 
beds  of  flint  and  shale  that  can  be  definitely  assigned  to  the  latter 
formation  by  an  intervening  horizon  many  hundred  feet  thick  of 
soft,  light-brown,  clayey,  alkaline  shale  that  is  almost  invariably 
full  of  crystalline  gypsum.  Here  the  conditions  existing  during  the 
period  of  transition  from  typical  Vaqueros  to  typical  Monterey  sedi- 
mentation must  have  been  very  different  from  those  prevalent  over 
the  areas  occupied  by  the  Santa  Ynez  and  San  Rafael  ranges.  Acidic 
volcanic  ash  is  interbedded  with  the  Tejon-Sespe- Vaqueros  strata 
in  the  Casmalia  Hills.     The  occurrence  of  the  ash  and  the  alkaline 
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shale  is  mentioned  by  H.  W.  Fairbanks  in  the  two  quotations  given 
under  the  heading  *' Previous  knowledge  of  the  geology, "  pages  12-13, 
and  this  author  discusses  them  further  in  his  paper  there  cited. 

STKVOTXJBE  ABD  THICKNESS. 

Like  all  the  Tertiary  and  pre-Tertiary  formations  of  this  region 
the  deposits  imder  discussion  have  been  subjected  to  folding  that 
has  left  none  of  them  in  an  undisturbed  attitude.  But  as  they  con- 
sist in  large  part  of  soft  sandstone  and  conglomerate  \\ath  inter- 
bedded  layers  of  sandstone  and  clayey  shale,  they  have  not  been  so 
violently  fractured  and  disturbed  as  much  of  the  brittle  shale  of  the 
lower  portion  of  the  Monterey  (middle  Miocene).  The  high  ridge  of 
the  Santa  Ynez  Mountains  from  Point  Conception  eastward  is  formed 
by  a  great  monocUne  in  the  sandstone  of  this  terrane,  dipping  toward 
the  sea  on  the  south  at  an  angle  of  about  30°.  North  of  this  ridge 
occurs  a  longitudinal  depression  in  the  range  in  which  Ihe  folds  of 
the  beds  are  rather  low;  and  still  farther  north,  bordering  the  Santa 
Ynez  Valley,  these  rocks  are  considerably  disturbed,  dipping  in 
various  directions  and  at  all  angles  between  15°  and  the  vertical. 
The  general  inclination  of  the  beds  on  the  north  side,  however,  is 
northward,  the  structure  of  tliis  part  of  the  range,  broadly  viewed, 
being  anticlinal.  In  the  San  Rafael  Mountains  the  Vaqueros  strata 
are  steeply  folded  along  northwest-southeast  lines,  in  conformity 
with  the  overlying  Monterey.  A  marked  example  of  the  way  in 
which  the  soft,  coarse  conglomerate  has  been  left  little  affected 
occurs  in  Buckhom  Canyon,  where  thick  beds  of  this  rock,  probably 
the  basal  part  of  the  Vaqueros,  lie  almost  horizontal. 

The  Tejon-Sespe- Vaqueros  rocks  have  a  thickness  of  at  least  5,000 
feet  in  the  Santa  Ynez  Mountains,  and  further  work  will  probably 
allow  these  figures  to  be  considerably  increased. 

AGE  AVS  FOSSILS. 

At  least  two  distinct  faunas  are  found  in  the  Tejon-Sespe-Va- 
queros  strata.  The  lower  is  characteristically  Eocene,  and  similar 
to  that  of  the  Tejon  formation  of  the  type  locality;  the  upper  con- 
tains many  of  the  species  found  at  the  type  locality  of  the  Vaqueros 
formation,  which  is  the  standard  lower  Miocene  of  the  central  Cali- 
fornia province.  So  far  as  is  definitely  known  no  species  bridges 
the  gap  between  these  two  faunas,  either  here  or  elsewhere  in  Cali- 
fornia, although  the  beds  containing  the  two  are  apparently  con- 
formable not  only  in  the  Santa  Ynez  Range  but  also  locally  as  far 
north  as  Martinez,  east  of  San  Francisco  Bay. 
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The  following  tables  show  the  fossiliferous  Tejon  and  Vaqueros 
localities  and  the  species  of  fossils  found  at  each.  (See  map,  PI.  I, 
in  pocket;  and  illustrations  of  fossils,  Pis.  XII  to  XXVI,  pp.  12^154.) 

Tejon  (EoccTie)  fossils  from  the  Santa  Maria  district^  California. 

4507.    4509.  1 4513.    4618. 


Cardium  hrevverii  Gabb  ( PL  XII,  fig.  1) ,     X 

Codukia?  ap.  a X 

Coniis  cf.  homii  Gabb 

CrassiitelHtes  coUina  Conrad  (PI.  XII,  figs.  2a,  2b,  3) 

Dosiniu  elovata  Gabb 

Fusiis  oct'iclenlalis  Gabb 

Ficus  marnillatus  Gabb  ( PI.  XII,  fig.s.  Tmi.  5b) 

Olycymeria  cf.  veatchii  Gabb  var.  major  Stanton  — 

Miietra  cf.  uvasana  Conrad 

Merctrix  uvasana  Conrad 

Me  ret  fix  sp 
Neverita? 


'  sp. 


Nucula  tnincHta  Gabb 

Ostrca  idriaenais  Gabb  (PI.  XIV,  figs,  la,  lb) 

Pect<sn  (Chlamvs)  yneziana  Arnold  (PI.  XII,  fig.  4;  Fl.  XIH,  flga.  6a,  6b).. 

Phacoidea  cuinul^ta  Gabb  ( PI.  X IV,  fig.  2) 

Phacoides  (Miltha?)  sp 

Tcllina?  Bp. 


.1. 


Turritella  (raartiuezensia  Gabb  var.?)  lompocensis  Arnold  (PI.  XIII,  figs. 

5a.  5b,  8> 

Turritella  uvasana  Conrad  (PL  XII,  flg.  6;  PI.  XIII,  flg.  7) 

Venericardia  planicosta  Lamarc^k  ( PL  XI 11,  flg.  4) 


X 
X 
X 
X 


'I 


4507.  Just  above  San  Julian  ranch  house,  1  mile  southeast  of  bench  mark  603. 

4509.  Sharp  turn  in  road  in  San  Miguelito  Canj^on,  4i  miles  S.  20°  W.  of  Lompoc  l)cnch  mark  95. 

4513.  South  aide  of  EI  Jaro  Creek  road,  one-half  mile  west  of  bench  miark  927. 

4518.  Three  miles  north  of  Sudden,  on  north  flank  of  1,912-foot  hill. 

Vaqueros  (lower  Miocene)  fossils  frovi  the  Santa  Maria  district,  California. 


4478. 

4504. 

4608.    4510. 

4511. 

4512.    4514. 

1 

1 

4516. 

4517, 

4519. 

4S20. 

X 

4521. 

Balauus    cf.     estrellanua 
Courad 

! 

X 
X 

Cardium   atT.    quadrigen- 
ariuni  Conrad 

.  X 

1 

!""■■■' 

Chione    cf.    mathewsonii 
Gabb 

X 

Conu8  sp              . . • 

IX. 

Crassateliitcs  (?)  sp 



X 

:-::::i..^.. 

Gasterofwd,    genus    and 
species  indet 

1 

1 

X 

X 

Merctrix  (?)  sp 

............ 

i 

ModiohLs  vneziaua  Arnold 
(PL  XV,  fig.  2) 

X 

1 

Mvtiius   cf,    mathewsonii 
Gabb 



' 



X 

X 

Ostrca   eldrldgei    Arnold 
(PL     XVI,     fig.     3;  PL 
XVI H.  figs,  liii,  «>b) 

Ostnea,  new  species,  near 
titan  Con  rad 

X 

X 
X 

X 

X 

X 

X 

X 

Pccten   vanvlecki   Arnold 
(PL  XV M   figs.  1  2) 

V 

'" '""~\'""'~"" 

Pecteu  (LvroiK'cten)  bow- 
cr.si  Arnold  (PL  XVIII, 

fii,',  5) 

! 

X 

Pect«n    crasHicardo    Con-  1 
rad  (PL  XVII I.  (Ig.  l)..l 

1 

j 

X 

Pccten    lornpcK-ensis    Ar-              1 
nold  (PL  XV 11 1,  figs.  2,              1 
3.  4 ) 

X 

Pccten   magnolia   Conrad  I 
(PL  XVI.  flg.  1) X 

Pecten     sesjicensis     var. 
hvdci  ArnoldCPL  XVII,  1 

fig  3)             •                      i     V 

X 

X 

X       X    1 

X 

X 

X 

Solen  sp 



;"":i::;::: 

X 
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Vaqueros  (lower  Miocene)  fossils  from  the  Santa  Marin  district j  California — Continued. 


4478. 

4504. 

4508. 

4510. 

4511. 

4512. 

4514. 

4516. 

4517. 

4519.    4520. 

4521. 

Terebratalia  kennedyi 
Dall  (PI.  XVII,  fig.  4a, 
4b.  4c.  4d) 

X 

Purpura      vaquercMensis 
Arnold  (Pl.XV,fig9.1a, 
lb) 

X 

1 

1 

t 

Turritella  sp.  indet 

X 

Turritella   Inezlana   Con- 
rad (PI.  XVI,  fig.  3) 

i            1 

X 

X 

X 

Turritella  variata  Conrad 
(young?) 

1 

1            1 

5 

!           1           1 

1            1            1 

4478.  Two  miles  south  of  Santa  Ynez.  on  knoU  just  east  of  mouth  of  Ballard  Canyon. 
4504.  Three-fourths  of  a  mile  up  ridge  northeast  of  San  Julian  ranch  house,  1\  miles  east  of  Ijeneh 
mark  603. 
4508.  El  Jam  Creek,  one-fourth  mile  east  of  Salsipuedes  Creek,  southeast  of  Lompoc. 
451CI'.  Five  miles  north  of  Concepcion,  one-fourth  mUe  west  of  mouth  of  Escondiao  Creek. 

4511.  Float  on  hillside  along  east  side  of  Los  Amoles  Creek,  1  mile  above  El  Jaro  Creek. 

4512.  Ridge  between  Los  Amoles  and  Salsipuedes  creeks,  lOi  miles  S.  33°  E.  of  Lompoc  liench  mark  95. 
4514.  About  10  miles  west  of  Santa  Ynez,  on  south  liend  of  river  IJ  miles  southeast  of  bench  mark  552. 

4516.  South  of  Santa  Ynez  Mission.  2i  miles  up  Alisal  Creek,  at  mouth  of  valley  on  east. 

4517.  Three  miles  north  of  Sudden,  on  north  flank  of  1,912-foot  hill,  above  locality  4618,  which  is  Eocene. 
(See  p.  29.) 

4519.  On  ridge  2  miles  east-southeast  of  El  Jaro  Creek,  bench  mark  (303,  one-half  mile  west  of  1. Ill-foot 
hUl. 

4520.  West  side  of  ridge  l)etween  Los  Amoles  and  El  Jaro  creeks,  1  mile  west  of  bench  mark  603. 

4521.  Lime  quarry  5  miles  southwest  of  Lompoc. 

MONTEREY   SHALE    (MIDDLE    MIOCENE). 
OSNEKAL  STATEKEHT. 

A  great  series  of  fine  shales,  largely  of  organic  origin,  overiies  con- 
formably the  coarse  and  fine  sedimentary  deposits  of  the  Vaqueros. 
These  shales  make  up  the  Monterey  formation  and  are  probably  rep- 
resentative of  the  whole  of  middle  Miocene  time.  The  series  is  of 
great  thickness  and  is  doubly  important  as  the  probable  source  and 
the  present  reservoir  of  the  oil.  The  areal  extent  of  the  Monterey  is 
not  adequately  represented  on  the  map.  It  doubtless  covers  as  one 
continuous  sheet  the  whole  basin  between  the  Santa  Ynez  and  San 
Rafael  mountains,  as  well  as  a  large  part  of  these  ranges,  but  it  is  con- 
cealed over  considerable  areas  by  later  deposits,  which  are  in  many 
places  very  thin.  The  character,  structure,  and  relations  of  the  Mon- 
terey have  been  the  chief  subject  of  the  present  study. 

The  name  Monterey  was  given  by  William  P.  Blake"  in  the  early 
fifties  to  an  organic  shale  formation  typically  developed  near  Mon- 
terey, in  central  California.  It  is  very  extensive  in  the  California 
Coast  Ranges,  being  the  "bituminous  shale''  described  by  Whitney^ 
as  occurring  at  widely  separated  points  north  and  south  of  the  Golden 
Gate.  Its  age  is  generally  taken  as  middle  Miocene.  It  is  the  source 
of  much  of  the  petroleum  found  in  California.  The  shale  characteristic 
of  this  unique  formation  is  not  similar  to  ordinary  clay  shale,  but  is 
composed  largely  of  the  remains  of  minute  marine  organisms.    In  an 

oProc.  Acad.  Nat.  Sci.  Philadelphia,  vol.  7,  185,5,  pp.  328-331. 
»  Geological  Survey  of  California,  Geology,  vol.  1, 1805,  p.  137. 
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unaltered  condition  it  resembles  chalk,  but  is  of  siliceous  instead  of 
calcareous  composition. 

The  Monterey  in  the  part  of  California  treated  here  may  be  divided 
on  lithologic  grounds  into  two  parts,  although  there  seems  to  be  per- 
fect conformity  throughout  the  series.  There  is  no  definite  dividing 
line  to  be  drawn,  but  taken  as  a  whole  the  lower  half,  composed 
chiefly  of  hard,  metamorphosed,  in  places  flinty  shales,  is  distinct 
from  the  upper  half,  in  which  soft  shale,  giving' evidence  to  the  naked 
eye  of  its  organic  origin,  is  predominant. 

LOWEB  Divisioir. 

The  fossiliferous  limestone  at  the  top  of  the  Vaqueros  is  overlain 
conformably  by  hard  calcareous  and  flinty  unfossiliferous  shale  char- 
acteristic of  the  base  of  the  Monterey.  In  places  the  limestone  at 
the  top  of  the  Vaqueros  is  not  well  developed,  but  is  replaced  by  a 
series  of  thin-bedded,  in  the  main  fairly  hard,  siliceous,  calcareous, 
and  somewhat  argillaceous  shales  of  coarse  and  fine  texture,  in  which 
no  well-defined  line  of  demarcation  between  the  two  formations  is  to 
be  drawn.  The  Vaqueros  and  Monterey  terranes  taken  as  wholes 
are  distinct  units,  representing  periods  of  deposition  of  entirely  diflFer- 
ent  character.  As  indicated  by  the  rocks,  deposition  was  continuous 
between  the  Vaqueros  and  Monterey  and  the  change  in  character 
came  suddenly,  although  less  so  in  some  places  than  in  others.  The 
general  nature  of  the  Vaqueros  series  is  detrital;  that  of  the  Mon- 
terey is  organic.  The  former  contains  many  well-preserved  moUus- 
can  forms,  the  latter  few.  Close  to  the  line  between  the  two,  beds 
predominatingly  of  a  gravelly  or  sandy  nature  or  those  bearing  fossil 
mollusks  are  considered  part  of  the  Vaqueros;  those  of  a  fine  texture 
and  of  flinty  or  opaline  or  chalcedonic  nature,  part  of  the  Monterey. 

Above  the  transitional  limestone  horizon  between  the  Vaqueros 
and  Monterey  the  lower  half  of  the  latter  formation  consists  of  a 
thick  series  of  thin-bedded,  hard,  brittle,  siliceous  and  calcareous 
shales,  with  local  gradations  on  the  one  hand  into  beds  of  the  hardest 
flint  and  on  the  other  into  soft  diatomaceous  earth.  Near  the  base 
there  is  usually  a  horizon  of  black,  browTiish,  or  wax-colored  flint 
in  heavy  beds  one  to  several  feet  thick,  and  similar  massive  beds  of 
peculiar  sand-colored  limestone  with  characteristic  lamellar  weath- 
ering. The  greater  part  of  the  series  is  made  up  of  brittle  siliceous 
shale,  usually  much  fractured  and  rather  commonly  crumpled,  in 
beds  averaging  about  one-half  to  1  inch  in  thickness,  in  places  alter- 
nating with  thin  shaly  calcareous  beds  or  massive  strata  of  lime- 
stone. Pis.  Ill,  Bj  and  VI,  B  (p.  46),  show  outcrops  of  typical  flinty 
shale  of  the  lower  division.  Beds  of  flinty  shale  or  of  piu'e  flint  are 
included  here  and  there.  The  flint  is  of  different  colors — amber,  black, 
milky,  red,  brown,  etc. — and  of  different  degrees  of  translucency. 
Much  of  it  has  been  fractured  and  recemented  with  chalcedonic  veins. 
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A.     CHARACTERISTIC  EXPOSURE  OF  VOLCANIC  ASH  NEAR  BASE  OF  MONTEREY  FORMATION. 

At  point  where  Cuyama  River  enters  the  Santa  Maria  Valley.     Photograph  by  Ralph  Arnold. 


B.     UPTURNED  AND  CONTORTED  SEMIFLINTY  MONTEREY  SHALE. 

On  Sisquoc  River,  5  miles  east  of  Sisquoc.     Heavy  oil  is  exuding  at  a  point  immediately  to  the  right 
of  the  man.     Photograph  by  Ralph  Arnold. 
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It  is  in  some  localities  banded  with  fine  white  laminae  or  with  bands 
more  translucent  than  the  rest.  These  bands  run  parallel  with  the 
bedding,  and  commonly  show  intricate  contortions.  The  flint  frac- 
tures conchoidally.  From  the  flint  there  is  every  step  in  the  grada- 
tion through  rocks  of  less  hardness  and  flinty,  compact  character  to 
soft  white  diatomaceous  shale.  The  soft  unaltered  shale  in  which  the 
constituent  diatom  tests  are  plainly  to  be  seen  occurs  sparingly,  how- 
ever, in  the  lower  division.  A  striking  example  of  its  occiurence  at 
that  horizon  can  be  found  at  the  very  base  of  the  Monterey  on  the 
San  Julian  ranch,  at  the  junction  of  El  Jaro  and  Salsipuedes  creeks, 
where  it  is  pure,  soft  diatomaceous  earth  in  thick  beds,  associated 
with  flint  and  lime  and  overlying  the  hard  fossiliferous,  calcareous 
conglomerate  of  the  Vaqueros.  The  specimen  of  analysis  3  (p.  45) 
is  from  this  point.  The  varieties  of  shale  are  very  numerous,  but 
there  is  no  departure  from  the  general  siliceous  and  calcareous  types 
so  pecuUar  to  this  formation.  There  is  no  common  clay  shale  or  slate 
derived  from  it,  and  only  very  locally  is  there  an  appearance  of  a 
sandy  texture.  In  the  San  Rafael  Mountains  the  series  has  a  some- 
what difi'erent  character,  especially  at  the  base,  where  a  considerable 
amount  of  sandstone,  in  some  places  soft  and  in  others  quartzitic,  is 
interbedded  with  the  hard  calcareous  shales.  Hard,  coarse,  yellow 
and  grayish  volcanic  tuff  of  acidic  nature  is  interbedded  with  the  Mon- 
terey in  the  vicinity  of  Cuyama  River  (see  PL  III,  A),  and  elsewhere 
the  lowest  portion  of  the  formation  is  marked  by  beds  of  tuff  of  local 
extent.  At  the  east  end  of  the  Santa  Rita  Hills  the  Vaqueros  grades 
into  the  Monterey  through  beds  of  coarse  basic  tuff  composed  of 
small  fragments  of  glass  and  crystals  of  various  kinds  and  of  large 
fragments  of  pumice.  Round  bowlders  or  nodules  of  very  fine  grained 
basalt  that  look  Uke  volcanic  bombs  are  included  in  this  tuff. 

The  series  of  hard  shales  of  the  lower  division  is  commonly  impreg- 
•nated  with  bituminous  material.  The  limy  beds  have  almost  uni- 
versally a  bituminous  odor  and  some  of  them  contain  pockets  of  tarry 
oil.  The  same  is  true  of  the  flint  with  the  difference,  however,  that 
the  limestone  is  impregnated  with  petroleum,  owing  to  its  porosity, 
whereas  the  oil  in  the  compact  flint  seems  more  commonly  to  be  con- 
tained along  lines  of  fracture  or  in  cavities.  The  great  mass  of  the 
hard,  brittle  shales  has  in  general  a  similar  odor  or  is  discolored  with 
oU.  This  hard  shale  series,  especially  the  lower  portion  of  it,  and  in 
places  possibly  the  uppermost  sandstone  of  the  formation  just  below 
it,  contains  the  principal  oil-bearing  zones  in  the  developed  fields. 
The  fact  that  this  shale  is  so  brittle  and  fractures  when  folded  has  an 
important  bearing  on  the  storing  of  oil  in  this  portion  of  the  Monterey. 
The  fracturing  produces  cavities  in  which  the  oil  can  collect  while 
the  softer  unfractured  shales  adjacent  remain  more  or  less  impervious 
to  the  oil. 
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UPPER  DIVISION. 

The  line  of  division  between  the  lower  and  upper  portions  of  the 
Monterey  is  rather  arbitrary,  yet  if  each  portion  is  taken  as  a  whole 
the  lithologic  distinction  is  marked,  and  the  separation  is  made  natural 
by  the  areal  limitations  of  the  outcrops  of  one  or  the  other  in  various 
places.  Where  they  are  in  contact  a  conformity  between  the  two 
halves  of  the  formation  is  evident  and  a  gradation  occurs  from  the 
porcelaneous  and  flinty  shales  of  the  lower  part  into  the  light-colored, 
earthy  beds  of  the  upper.  Such  is  the  occurrence,  for  instance,  near 
the  north  edge  of  the  hills  4  miles  west-southwest  of  the  town  of 
Lompoc. 

The  greater  part  of  the  upper  division  is  made  up  of  white  or  light 
chocolate-colored  diatomaceous  shale,  usually  of  light  weight  and 
porous,  but  grading  in  places  into  heavier  and  harder,  more  compact, 
brittle,  porcelain-like  shale.  The  soft  shale  is  extremely  fine  grained, 
rarely  being  at  all  gritty.  The  bedding  is  characteristically  very  thin, 
but  where  great  masses  of  the  soft  white  shale,  which  goes  by  the 
name  of  diatomaceous  earth,  occur,  lines  of  bedding  are  usually 
indistinguishable,  except  here  and  there  on  thin  projecting  laminae 
produced  by  weathering,  or  on  the  upper  surface  of  small  cavities 
due  to  the  eating  out  of  less  resistant  patches.  PI.  IV  illustrates  two 
characteristic  types  of  the  soft  unaltered  shale.  In  the  upper  view 
it  is  massive,  and  bedding  planes  are  almost  indistinguishable  except 
for  lines  brought  into  relief  by  weathering  and  erosion.  In  the  lower 
view  it  is  slightly  more  compact  and  lies  in  distinct  platy  layers. 
Major  bedding  planes  from  a  fraction  of  an  inch  to  several  inches 
apart  are  distinctly  apparent,  and  there  is  a  further  laminated  struc- 
ture that  enables  the  shale  to  be  split  into  plates  of  extreme  thinness. 
An  artificial  cut  through  somewhat  disintegrated  shale  of  the  upper 
part  of  the  Monterey  is  shown  in  PI.  VIII,  A  (p.  78).  The  typical 
unaltered  diatomaceous  shale  is  pictured  in  PI.  V,  A,  The  small 
round  diatom  tests  of  which  it  is  largely  composed  are  faintly  distin- 
guishable with  the  naked  eye  in  the  photograph.  In  general,  both 
the  softer  and  harder  varieties  of  the  Monterey  shale,  owing  to  their 
siliceous  composition,  do  not  give  way  readily  to  decomposition  or 
weathering.  Ijocal  chalcedonic  lenses  are  to  be  found  in  this  series 
roughly  following  the  bedding  planes  in  unaltered  shale,  as  well  as 
horizons  of  hard,  porcelaneous,  usually  much-fractured  shale;  but 
the  latter  does  not  become  predominant  over  the  softer  shale  as  it 
does  in  the  lower  division. 

The  white  chalklike  deposits  of  this  formation  are  not  fully  described 
by  the  use  of  the  word  shale  in  its  ordinary  sense.  Especially  in  the 
massive  deposits,  where  bedding  is  not  verj^  apparent,  it  has  neither 
in  composition  nor  lamination  the  character  of  ordinary  shale.  But 
this  word  has  come  into  use  in  connection  with  the  Monterey  for  lack 
of  any  other.     The  major  portion  of  the  formation,  however,  does 
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SOFT  WHITE  DIATOMACEOUS  SHALE. 

A.  Characteristic  exposure  north  of  Casrnaha.      H.   Detail  of  weathering  at  Burton  Mesa,  east  of  Pine 
Canyon.     Photographs  by  Ralph  Arnold. 
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DIATOMACEOUS  SHALE. 

A.  Typ.cal  soft,  white,  unaltered  specmen.     B.  Red.  bnttle,  and  heavy  specimen;    metamorphosed 
by  the  burning  of  its  hydrocarbons. 
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resemble  shale  in  its  thin  stratification,  the  great  diflFerence  being  in 
the  siliceous  instead  of  argillaceous  composition.  Locally  there  are 
beds  of  claye)^  nature  in  the  upper  division  which  form  a  connecting 
link  between  the '  ^  chalk  rock/'  as  the  diatomaceous  shale  is  colloquially 
termed,  and  common  clay  shale.  Characteristic  oval  and  lenticular 
yellow  concretions  of  hard  lime  are  conmionly  included  in  the  shale 
of  the  upper  division.  They  range  in  diameter  from  a  few  inches  to  2 
feet  or  more.  In  many  places  they  occur  at  irregular  intervals  and 
of  irregular  size  along  a  bedding  plane,  locally  displacing  the  ordinar^'^ 
shale  and  interrupting  the  continuity  of  not  merely  one  bed  but  many 
thin  beds.     They  are  invariably  elongated  parallel  with  the  bedding. 

Volcanic  ash  is  interbedded  with  the  soft  shale  of  the  upper  divi- 
sion in  the  hills  immediately  south  of  Lompoc.  It  is  very  fine  grained, 
soft,  and  uncompacted,  and  probably  corresponds  in  composition  to 
rhyoUte.  \t  somewhat  resembles  the  pulverulent  diatomaceous  earth, 
but  is  easily  distinguishable  by  its  grayish  color  and  grittiness. 

The  upper  portion  of  the  Monterey,  like  the  lower,  is  to  a  large 
extent  impregnated  with  bituminous  material.  It  is  apt  almost 
anywhere  in  this  region  to  give  out  a  bitimiinous  odor  when  broken 
into  or  to  show  a  brownish  discoloration  due  to  the  presence  of  oil. 
In  places  the  shale,  otherwise  white,  is  specked  with  minute  black 
spots  of  bitumen.  Thin  sandy  layers  occur  sparingly  interbedded 
with  the  shale,  and  these  almost  without  exception  have  absorbed 
considerable  oil  and  have  a  dark-brown  color  and  strong  odor.  But 
these  beds  of  sand  are  very  rare  and  make  up  no  appreciable  propor- 
tion of  the  series. 

The  soft  varieties  of  the  Monterey  shale  are  almost  invariably 
alkaline  and  have  a  salty  taste.  They  contain  an  abimdance  of 
salts  easily  soluble  in  water  that  form  characteristic  wooly  coatings 
of  efflorescence  on  the  surface  of  outcrops.  *  This  is  especially  true 
near  the  summit  of  the  formation,  where  a  soft  claylike  gypsum- 
bearing  shale  locally  marks  the  contact  with  the  Fernando  above. 
This  gypsum  is  crystallized  in  plates  along  seams  and  bedding  planes 
much  like  the  gypsiferous  clay  of  the  Casmalia  Hills,  which  is  sup- 
posed to  be  Vaqueros  in  age.  Zones  of  gypsiferous  shale  occiu*  also 
at  other  places  in  the  upper  division  of  the  Monterey,  but  it  is  not 
known  whether  there  are  any  single  horizons  at  which  it  is  constant. 
Where  the  gypsum  occurs  the  shale  is  usually  of  more  argillaceous 
character  and  bears  a  closer  resemblance  to  ordinary  clay  shales. 
The  significance  of  this  alkalinity  in  the  Monterey  is  imknown. 
The  organic  shale  is  considered  to  be  of  marine  origin  in  fairly  deep 
water,  and  owing  to  the  almost  complete  absence  of  all  but  the 
finest  grained  detritus  the  alkalinity  can  not  be  considered  as  proof 
of  shallow-water  or  brackish-water  origin.  The  salts  may  have 
some  relation  to  the  chemical  changes  involved  in  the  production  of 
petroleimi. 
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DIAT0KA0S0TI8  EAKTH  DSPOSITS.a 

The  infusorial  earth,  diatomaceous  earth,  diatomaceous  shale,  or 
tripoU,  as  the  same  material  is  variously  called,  of  which  the  upper 
division  of  the  Monterey  is  chiefly  composed,  is  of  fairly  pure  quality 
in  this  region  and  of  considerable  economic  value,  especially  as  it 
occurs  in  inexhaustible  quantities  close  to  transportation  facilities. 
The  areas  of  it  are  extended  and  the  series  of  strata  very  thick. 
Deposits  suitable  for  working  occur  in  the  hills  immediately  south 
of  Lompoc;  southwest  and  west  of  Lompoc;  along  the  river  east  of 
Lompoc;  in  the  northeastern  and  southeastern  portions  of  Burton 
Mesa  and  over  the  Purisima  Hills  east  of  it;  over  wide  areas  in  the 
Purisima  Hills  southwest,  south,  and  southeast  of  Los  Alamos;  on 
the  southern  flanks  of  the  Santa  Rita  Hills;  1}  miles  north  of  the 
Santa  Ynez  Mission;  in  smaller  amounts  near  the  east  edge  of  the 
area  mapped,  a  mile  north  of  Santa  Ynez  River;  imderlying  the  San 
Antonio  terrace  south  of  Casmalia;  over  a  wide  region  southeast, 
east,  and  north  of  Casmalia;  on  Graciosa  Ridge,  and  in  the  region 
extending  from  the  head  of  Howard  Canyon  to  a  point  southeast  of 
Sisquoc.  The  uses  to  which  this  material  can  be  put  are  niunerous 
and  the  demand  for  it  is  increasing. 

OOKPOSinOV  OF  TEE  KOHTEEET  BHALE. 

MATERIAL  OF  SHALE. 

The  composition  of  the  Monterey  shale  is  of  especial  interest. 
One  is  able  to  see  on  examining  the  soft  unaltered  variety  with  a 
hand  lens,  or  sometimes  even  with  the  naked  eye,  that  it  is  full  of 
small  round  dots  ranging,  to  speak  roughly,  from  0.1  mm.  to  1  mm. 
in  diameter.  These  are  the  skeletons  of  minute  marine  organisms 
called  diatoms.  They -are  a  low  order  of  plants  or  algae  having  a 
framework  of  silica.  They  are  locally  so  closely  packed  together 
that  they  seem  to  form  the  bulk  of  the  deposit.  In  some  of  the  rock 
they  are  so  well  preserved  that  the  details  of  their  structure  can  be 
made  out  with  the  aid  of  higher  magnification.  But  elsewhere  they 
appear  crushed  and  almost  unrecognizable.  It  is  a  question  how 
much  of  the  shale  is  formed  of  the  diatom  frustules  that  have  been 
thus  crushed.  The  shale  in  which  the  remains  are  well  preserved 
and  abundant  is  extremely  soft  and  white  and  may  be  rubbed  at  a 
touch  into  a  powder  like  flour.  The  round  diatom  disks  are  white 
and  soft  just  like  the  matrix  surrounding  them,  which  looks  as  if  it, 
too,  were  made  up  of  diatom  remains  that  had  preserved  their  form 
less  perfectly.     Shale  in  which  the  remains  are  less  prominent  has 

a  A  more  extended  description  of  these  diatomaceous  deposits  is  published  in  "Contributions  to 
Economic  Geology,  1906"  (Bull.  U.  S.  Geol.  Survey  No.  315,  1907,  pp.  438-447),  under  the  title  "Diato- 
maceous deposits  of  northern  Santa  Barbara  County,  Cal." 
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the  same  appearance,  as  if  formed  of  the  same  materials,  but  com- 
pacting and  crushing  seem  to  have  gone  a  little  further  so  as  to  obscure 
the  organic  remains.  Almost  all  the  shale  of  the  upper  division  of 
the  Monterey  contains  diatom  remains  where  it  has  not  imdergone 
alteration  into  the  hard  varieties.  The  same  is  true  of  the  soft 
shale  wherever  it  occurs  in  the  lower  portion  of  the  formation,  the 
most  notable  example  being  at  the  very  base  of  the  Monterey  on  the 
San  Julian  ranch  east  of  the  junction  of  Salsipuedes  and  El  Jaro 
creeks,  where  it  is  associated  with  hard  flint  and  limestone  immedi- 
ately overlying  the  fossiliferous  limestone  and  conglomerate  of  the 
Vaqueros.     There  the  shale  is  earthy,  pure  white,  and  full  of  diatoms. 

When  the  shale  has  undergone  alteration  and  hardening  into  the 
porcelaneous  and  flinty  varieties  the  constituent  organic  remains  are 
usually  obscured,  but  here  and  there  even  in  these  the  impressions 
may  be  found  preserved.  Usually  an  examination  under  the  micro- 
scope reveals  scattering  circular  and  oval  areas,  of  slightly  different 
composition  or  character  from  the  surrounding  rock,  that  look  as  if 
they  might  represent  the  forms  of  organisms.  In  speaking  of  the 
exposure  of  Monterey  rocks  between  the  mouth  of  Schumann  Canyon 
and  Lions  Head  on  the  southern  flank  of  the  Casmalia  Hills,  H.  W. 
Fairbanks  says:  **  "The  basal  portion  of  the  series  is  composed  chiefly 
of  clear,  flinty  rocks,  showing  abundant  remains  of  organisms  visible 
to  the  unaided  eye.''  And  in  speaking  of  the  harder  varieties  of 
Monterey  shale  in  general  of  the  Point  Sal  region  he  says:''  '^When 
examined  with  the  hand  lens  much  of  the  rock  is  seen  to  be  thickly 
specked  with  little  round  dots,  averaging,  perhaps,  a  millimeter  in 
diameter.  Under  the  microscope  *  *  *  the  circular  areas  did 
not  appear  as  numerous  as  in  the  hand  specimen,  and  were  only 
faintly  distinguished  by  clearer  polarization.'' 

Aside  from  the  diatoms  the  rocks  of  the  Monterey  contain  remains 
of  minute  Foraminifera,  which  have  calcareous  frames,  and  Radio- 
laria,  which  secrete  silica  to  form  their  tests.  The  latter  are  present 
sparingly.  The  common  siliceous  shale  contains  very  little  lime  and 
no  Foraminifera  have  been  found  in  it  in  this  district,  although  they 
have  been  reported  from  the  typical  Monterey  shale  elsewhere. 
R.  M.  Bagg*"  found  66  species  belonging  to  17  genera  in  chocolate- 
colored,  soft,  fine-grained  shale  of  the  same  formation  near  Asuncion, 
San  Luis  Obispo  County.  J.  C.  Branner  in  the  introduction  to 
Bagg's  paper,  describes  the  shale  as  follows:  "The  shale  proper  also 
varies;  at  some  places  it  is  flinty,  at  others  it  is  somewhat  sandy, 
and  at  still  others  it  is  soft  and  chocolate-colored,  and  contains  an 
abimdance  of  well-preserved  Foraminifera.     *     *     *     The  bulk  of 

a  Geology  of  Point  Sal:  Bull.  Dept.  Geology,  Univ.  California,  vo*l.  2,  No.  1,  ISOO,  p.  9. 

b  Op.  cit.,  p.  10. 

e Miocene  Foraminifera  from  the  Monterey  shale,  California:  Bull.  U.  S.  Gcol.  Survey  No.  2G8, 1906. 
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this  shale  is  made  of  diatom  skeletons.  *  *  *  Even  when  the 
rocks  are  flinty  they  often  contain  good  impressions  of  Forafimiifera." 
Foraminifera  occur  in  the  partially  calcareous  shales  of  the  Santa 
Maria  district,  and  in  places  the  limestone  is  full  of  them.  In  some 
specimens  they  are  perfectly  preserved  and  various  kinds  may  be 
easily  seen  with  the  unaided  eye.  In  other  places  the  limestone 
shows  no  trace  of  organisms;  but  it  is  the  opinion  of  the  writers  that 
they  have  been  present  in  such  places  and  have  lost  their  shape,  and 
that  foraminiferal  skeletons  account  for  a  large  part  of  all  the  Mon- 
terey limestone  and  for  the  calcareous  portion  of  the  limy  shales. 
H.  W.  Fairbanks  says  in  his  paper  quoted  on  page  —  that  the  lime- 
stone of  the  Point  Sal  region  '^appears  to  be  formed  almost  exclu- 
sively of  minute  organisms.^' 

Specimens  representing  different  varieties  of  the  Monterey  shale 
and  flint  were  sent  to  F.  J.  Keeley,  of  the  Philadelphia  Academy  of 
Natural  Sciences,  who  very  kindly  made  examinations  of  them  and 
reported  regarding  their  diatom  contents.  (See  Pis.  XIX  and  XX.) 
He  f oimd  diatoms  plentiful  in  the  unaltered  earthy  shale  and  les^  com- 
mon in  the  more  compact  shale  and  in  the  less  pure,  either  gritty  or 
argillaceous  shale.  Sponge  spicules  were  common  in  all  the  samples, 
and  in  those  last  mentioned  they  were  more  abundant  than  diatoms. 
No  examination  was  made  of  the  indurated  varieties.  Mr.  Keeley 
was  imable  to  make  more  than  a  hasty  examination,  but  on  request 
he  estimated  roughly  that  the  purest  material  contained  from  5  to  10 
per  cent  of  diatoms  and  that  the  soft  shale  in  which  fewer  could  be 
seen  contained  possibly  1  per  cent.  He  found  a  few  Radiolaria  but 
no  Foraminifera  in  the  pure  siliceous  shale,  diatoms  and  next  to  them 
sponge  spicules  being  by  far  the  preydominant  organic  remains. 

C.  S.  Boyer,  of  thePhiladelphia  Academy  of  Natural  Sciences,  kindly 
identified  the  species  of  diatoms  in  two  slides  prepared  by  Mr.  Keeley 
from  the  two  purest  samples  of  diatomaceous  earth  that  were  sent  to 
him.  Mr.  Keeley  says:  '^The  lists  made  by  Mr.  Boyer  cover  only 
the  species  he  saw  in  the  slides  sent  him,  and  an  exhaustive  examina- 
tion of  the  material,  which  would  require  searching  over,  say,  a  hun- 
dred slides  or  more,  would  probably  give  a  long  list  of  species,  many 
of  which  might  not  be  seen  more  than  once  or  twice  in  the  course  of 
such  an  examination/'  Nevertheless,  these  lists  probably  indicate 
the  commonest  species.  In  the  slide  made  from  the  shale  at  the  base 
of  the  Monterey  from  the  locality  above  referred  to  at  the  junction 
of  Salsipuedes  and  El  Jaro  creeks  Mr.  Boyer  found  the  following 
diatoms : 

Coscinodiscus  marginatus  Ehrenberg. 

Coscinodiscus  marginatus  var.  intermedia  Rattray. 

Coscinodiscus  robustus  Grev. 

Arachnodiscus  (fragment). 

Diploneia?  (fragment). 

Melosira  Bulcata  Ehrenbei^g  (rare). 
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Mr.  Boyer  says:  **The  deposit  consists  almost  entirely  of  C.  mar- 
ginatus  and  C.  robustus  of  various  sizes  and  often  without  rims.  It 
is  impossible,  in  certain  cases,  to  distinguish  between  these  two 
forms.  The  variety  intermedia  is  between  the  two  and  was  created 
by  Rattray.' ' 

The  second  slide  was  made  from  soft  shale  of  the  uppermost  por- 
tion of  the  Monterey,  from  the  Pinal  property  on  the  east  side  of 
Pine  Canyon,  on  the  north  flank  of  Graciosa  Ridge.  The  following 
diatoms  were  found: 

CiBcinodisous  oculus  iridis  Ehrenberg  (abundant)  (PI.  XI,  fig.  XIX). 
Coeeinodiscus  marginatus  Ehrenberg. 
Coscinodiscus  marginatus  var.  intermedia  Rattray. 
Coecinodiscufl  robustus  Grev.  (PL  XX,  fig.  4). 
Coscinodiscus  radiatus  Ehrenberg. 
Coscinodiscus  obscurus  A.  S.  (PI.  XX,  fig.  2). 
Coscinodiscus  nodulifer  Janisch. 
Coscinodiscus  heteroporus  Ehrenberg. 
Coscinodiscus  subtil  is  Ehrenberg  (PI.  XX,  fig.  3). 
Actinoptychus  undulatus  Ehrenberg  (rare)  (PI.  XX,  fig.  la). 
Arachnodiscus  ehrenbei^ii  var.  califomica  (fragment). 
Lithodesmium  comigerum  Brun.  (PI.  XX,  fig.  16). 

According  to  Mr.  Boyer  this  second  sample  consists  cliiefly  of  frag- 
ments of  Coscinodiscus  oculus  iridis  Ehrenberg,  wliich  is  a  larger  and 
more  delicate  form  than  the  one  predominating  in  the  first,  and 
both  he  and  Mr.  Keeley  comment  on  the  peculiar  absence  of  it  there. 
The  difference  in  the  fauna  in  these  different  localities  is  of  interest, 
inasmuch  as  the  deposit  represented  by  the  first  slide  was  at  the  base 
of  the  Monterey  and  that  represented  by  the  second  near  its  summit. 

Besides  the  small  organisms  that  have  been  described  as  forming 
a  portion  of  the  shale  material,  and  the  less  abundant  organic  remains 
mentioned  on  pages  42-43,  the  deposits  of  Monterey  age  contain 
a  considerable  percentage  of  fine  siUceous  and  aluminous  matter, 
probably  of  detrital  origin,  in  tlie  shape  of  exceedingly  minute  clastic 
grains.  The  chemical  analyses  of  specimens  from  different  localities 
show  a  large  percentage  of  alumina,  the  presence  of  wliich  is  prob- 
ably the  result  of  fine  argillaceous  silt  settling  on  the  sea  bottom 
to  aid  in  the  formation  of  the  shale.  The  origin  of  the  silica  is  more 
in  doubt.  There  is  no  question  of  the  presence  of  a  large  amount 
of  siliceous  diatom  skeleton  material,  and  the  many  fine-rounded  and 
angular  particles  of  quartz  revealed  by  the  polarizing  microscope  in 
the  unaltered  shale  indicate  that  the  sediments  derived  from  shore 
areas  carried  quartz  grains  also,  but  there  is  no  proof  as  to  which  of 
these  sources  supplied  the  bulk  of  the  silica,  of  which  the  shale  is 
mostly  composed.  Besides  the  recognizable  diatom  remains  it  is 
impossible  to  tell  how  much  of  the  shale  is  composed  of  similar  skele- 
tons that  have  been  crushed  beyond  any  semblance  of  their  original 
form.     Comparatively  few  forms  are  perfectly  preserved,  most  of 
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those  observed  under  the  microscope  being  only  fragments,  and  this 
makes  it  probable  that  others  are  still  more  fragmentary  and  in  a 
state  of  complete  demolition.  The  likelihood,  therefore,  is  that  a 
greater  proportion  of  the  pure  shale  than  5  to  10  per  cent,  as  roughly 
estimated  by  Mr.  Keeley  on  the  basis  of  visible  forms,  is  composed 
of  silica  derived  from  diatoms.  Radiolaria,  wliich  are  scattered 
through  the  shale  sparingly,  have  contributed  somewhat  to  the  organic 
silica.  Whatever  conclusion  one  should  come  to  would  apply  to  almost 
all  of  the  soft  unaltered  shale  of  the  siliceous  type  in  the  Monterey  of 
the  Santa  Maria  district,  as  this  type  is  fairly  constant.  Locally  it  is 
varied  by  an  increased  proportion  of  argillaceous  material,  causing  a 
greater  similarity  in.  appearance  to  ordinary  clay  shale,  or  by  the 
presence  of  lime;  but  diatoms  are  visible  in  practically  all  of  it  and  the 
general  conditions  of  deposition  seem  to  have  been  the  same  through- 
out. The  conclusion  is  reached  elsewhere  (p.  47)  that  the  same  prob- 
able origin  may  be  assigned  to  all  the  siliceous  shales  of  the  Monterey, 
whether  hard  or  soft — or,  in  other  words,  to  by  far  the  greater  part  of 
the  formation. 

The  list  of  organic  constituents  of  the  shale  is  by  no  means  exhausted 
by  the  small  organisms  of  low  order  so  far  mentioned.  Another 
important  source  of  silica  lies^in  the  abundant  sponge  spicules,  which 
are  only  second  in  number  to  the  diatoms  and  which  are  scattered 
with  remarkable  persistency  throughout  the  shale.  In  the  slightly 
gritty  beds  of  soft  shale,  which  occur  sparingly,  these  spicules  even 
predominate  over  the  diatoms,  being  possibly  the  cause  of  the  grit- 
tiness.  They  seem  also  to  be  less  easily  obliterated  than  the  fragile 
diatom  shells  and  to  have  been  preserved  in  places  where  slight  alter- 
ation of  the  rock  has  destroyed  the  latter.  One  of  the  commonest 
and  most  characteristic  features  of  both  the  unmetamorphosed  sili- 
ceous and  the  calcareous  shales  is  the  presence  of  scales  of  fish,  show- 
ing that  fish  remains  found  their  way  to  the  ooze  at  the  ocean  bottom 
in  greater  or  less  abundance.  Locally  the  bones  and  nearly  complete 
skeletons  are  also  to  be  found.  Delicate  mollusk  shells,  usually  of 
small  size,  are  gathered  thickly  in  some  places  in  the  Monterey  shale, 
and  at  such  points  may  be  considered  as  constituting  an  appreciable 
proportion  of  the  total  volume  of  the  deposit.  As  a  rule  they  are 
crushed  and  poorly  preserved,  a  fact  that  lends  weight  to  the  theory 
that  a  large  part  of  the  diatom  frustules  also  have  been  destroyed. 
But  mollusks  are  rare  in  the  formation  as  a  whole.  Crab  shells  and 
claws  are  occasionally  found,  usually  not  whole  but  in  small  pieces, 
as  if  they  had  been  subjected  to  conditions  favorable  to  their  destruc- 
tion before  coming  to  rest.  Seaweed  impressions  are  not  rare.  In 
addition  to  organic  remains  of  these  kinds,  the  shales,  especially  the 
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less  purely  siliceous  varieties,  are  usually  full  of  small  brown  scales, 
spines,  and  fragments  or  impressions  of  nondescript  shape  which  are 
of  organic  origin  but  which  can  not  be  recognized  as  belonging  to  any 
particular  forms.  Here  and  there,  also,  large  bones  are  embedded 
in  the  deposits.  They  seem  to  be  those  of  whales  or  other  large  marine 
vertebrates. 

Taken  as  a  whole,  the  Monterey  shale  may  well  be  called  an  organic 
formation.  The  practically  complete  absence  of  coarse  sediments 
derived  from  erosion  and  the  abundance  of  fossil  organisms,  espe- 
cially of  siliceous  skeletons,  make  it  different  both  in  appearance  and 
composition  from  any  other  known  formation  of  comparable  thick- 
ness. The  unaltered  siUceous  shale  most  nearly  resembles  chalk,  but 
it  contains  only  a  small  proportion  of  lime.  Whether  or  not  the 
organic  remains  compose  more  than  half  or  as  much  as  half  of  the 
deposit  can  not  be  stated. 

MICROSCOPIC    APPEARANCE. 

Under  the  polarizing  microscope  little  can  be  made  out  regarding 
the  structure  of  the  main  mass  of  the  soft  shale  and  compact  white 
shale.  The  groundmass  seems  to  be  made  up  of  amorphous  colloidal 
silica  surrounding  minute  grains  which  are  both  crystalline  and  amor- 
phous, but  the  character  of  which  can  not  be  recognized.  Embedded 
in  this  are  numc^^ous  imperfectly  angular  or  more  rarely  partially 
rounded  crystal  particles,  probably  of  quartz.  Many  of  the  latter 
look  as  if  they  were  due  to  secondary  development  rather  than  origi- 
nating as  clastic  grains. 

In  the  more  flinty  varieties  the  rock  appears  to  have  undergone  par- 
tial and  local  crystallization  of  the  siUca  throughout  its  mass.  In  the 
flint,  in  which  there  are  alternating,  usually  crumpled  bands  of  opaque 
light-colored  flint  and  clear  amber-colored  or  black  flint,  the  opaque 
bands  are  composed  mainly  of  amorphous  material  like  that  of  the 
softer  shale,  but  in  a  much  more  compact  state,  and  the  translucent 
bands  are  mainly  crystalline  aggregates.  The  opaque  bands  include 
crystalline  particles  and,  locally,  patches  of  crystal  grains  like  those 
of  the  clear  flint,  and  they  are  included  longitudinally  by  intermittent 
bands  of  the  clear  flint.  Furthermore,  they  are  in  many  specimens 
of  a  patchy  appearance,  parts  being  less  amorphous  than  others. 
The  bands  of  the  clear  flint  are  composed  chiefly  of  small  grains  of 
crystalline  quartz,  and  these  are  surrounded  by  a  finer  grained  aggre- 
gate of  crystalline  and  amorphous  particles.  The  quartz  grains  have 
neither  the  rounded  outUnes  of  waterwom  grains  nor  angular  crystal- 
line outlines,  but  are  branching,  and  appear  more  like  growths.  Angu- 
lar patches  of  the  amorphous  siUca,  many  of  them  showing  signs  of 
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incipient  crystallization,  are  included  in  the  clear  bands,  giving  a  brec- 
ciated  appearance.  The  bands  are  parallel  with  the  bedding  planes. 
They  are  commonly  followed  and  more  rarely  crossed  by  veins  of 
quartz  crystals. 

The  limestone  is  made  up  of  granules  of  crystalline  calcit^,  or  cal- 
cite  showdng  the  beginnings  of  crystallization.  Included  in  this 
extremely  fine  grained,  uniform  groundmass  are  larger  but  yet  very 
small,  irregular  grains  of  crystalline  calcite,  and  in  places  long  spicules 
of  the  same.  In  some  specimens  the  granules  are  more  minute  than 
in  others  and  the  included  larger  grains  are  fewer.  In  still  others, 
crystallization  has  entirely  altered  portions  into  patches  of  large, 
intergrown  crystals,  leaving  angular,  unchanged  patches  sharply 
marked  off,  and  thus  giving  an  appearance  like  that  of  a  breccia. 
The  flinty  calcareous  shale  has  a  minute  granular  texture,  quartz 
grains  both  crystalline  and  semicrystalline  being  associated  with  those 
of  calcite.  The  rock  usually  has  light  and  dark  bands  parallel  \\ath 
the  bedding,  the  light  bands  containing  more  quartz  and  having  the 
calcite  granules  less  close  together  than  the  darker  bands. 

CHEMICAL   COMPOSITION. 

The  subjoined  table  comprises  analyses  of  different  specimens  and 
varieties  of  Monterey  shale  from  the  Santa  Maria  district,  with  one 
(No.  5)  here  included  for  comparison,  of  a  sample  f)f  white  bitumin- 
ous shale  from  the  type  locality  of  the  formation  at  Monterey,  farther 
north  on  the  California  coast. 

The  first  three  represent  typical  examples  of  the  unaltered  diato- 
maceous  shale  of  the  Monterey.  Nos.  3  and  2,  respectively,  are  analy- 
ses of  the  same  samples  that  were  found  to  be  rich  in  diatoms  when 
examined  in  slides  1  and  2  by  Messrs.  Keeley  and  Boyer,  as  mentioned 
on  pages  40-41.  Nos.  4  and  6  are  analyses  of  samples  from  the  same 
hand  specimen,  taken  within  1  inch  of  each  other,  No.  4  showing  the 
composition  of  unalt<»red  white  shale  in  which  diatoms  are  visible,  and 
No.  6  of  the  translucent,  brittle,  flintlike  product  of  extremely  local 
alteration.  The  next  four  indicate  gradations  in  the  products  of  the 
metamorphism.  The  last  analysis  (No.  11)  represents  limestone 
typical  in  lithologic  appearance  of  the  limestone  of  the  Monterey. 
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Analyses  of  Monterey  shale. 
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1.  Soft,  white  diatomaceoiis  shale;  Purisima  Hills,  3)  miles  southwest  of  Harris,  Santa  Barbara 
County,  Cal.    Analyst,  W.  T.  Schaller,  1907. 

2.  Soft,  white  diatomaceous  shale;  Oraciosa  Ridge,  3  miles  southeast  of  Orcutt,  Santa  Barbara 
County,  Cal.    Analyst,  W.  T.  Schaller,  1907.    Approximate  analysis. 

3.  Soft,  white  diatomaceous  shale;  San  Julian  ranch,  at  Junction  of  £1  Jaro  and  Salsipuedes  creeks, 
Santa  Barbara  .County,  Cal.    Analyst,  E.  C.  Sullivan,  1907. 

4.  Soft,  white  diatomaceous  shale;  San  Antonio  terrace,  2  miles  south  of  Casmalia,  Santa  Barbara 
County,  Cal.    Analyst,  E.  C.  Sullivan,  1907. 

5.  White  shale;  Monterey,  Monterey  County,  Cal.    Lawson,  A.  C,  and  Posada,  J.  de  la  C,  Bull. 
Dept.  Geology,  Univ.  California,  vol.  1,  1803,  p.  25.    Specific  gravity,  1.8-2.1. 

6.  Gray,  glassy  porcelain  shale;  from  same  nand  specimen  as  No.  4.    Analyst,  E.  C.  Sullivan,  1907. 

7.  White  porcelain  shale;  region  of  Point  Sal,  Santa  Barbara  County,  Cal.    Analyst,  H.  W.  Fair- 
banks, Bull.  Dept.  Geology,  Univ.  California,  vol.  2,  No.  1,  1806,  p.  12. 

8.  Opaque  flint;  Point  Sal,  Santa  Barbara  County,  Cal.    Analyst,  H.  W.  Fairbanks,  loc.  clt. 

0.  Hard,  black,  clear  flint;  1}  miles  west  of  Zaca,  Santa  Barbara  County,  Cal.    Analyst,  E.  C.  Sulli- 
van, 1907. 

10.  Hard,  black,  clear  flint;  Point  Sal,  Santa  Barbara  County,  Cal.    Analyst,  H.  W.  Fairbanks,  loc. 
cit. 

11.  Bituminous  limestone;  Bedrock  Mountain,  northeast  of  Lompoc,  Santa  Barbara  County,  Cal. 
Analyst,  George  Steiger,  1907. 

ALTERATION. 

The  differences  in  character  and  composition  between  the  soft  and 
hard  varieties  of  the  Monterey  shale  have  been  brought  out  in  the 
foregoing  discussion.  The  question  arises,  To  what  are  these  differ- 
ences due?  It  is  difficult  to  give  a  decisive  answer.  The  main  differ- 
ences in  the  gradations  from  the  soft  to  the  hard  shales  lie  in  the 
siliceousness,  compactness,  hardness,  and  degree  of  crystallization. 
Taken  as  a  whole  the  lower  division  is  made  up  largely  of  hard  shale 
and  the  upper  of  soft  shale,  but  gradations  from  one  variety  to 
another  within  an  extremely  small  space  occur  in  both  divisions. 
In  some  places  a  thick  series  of  beds  of  similar  character  is  marked 
off  from  a  series  of  different  character.  Elsewhere  a  variation  occurs 
bed  by  bed,  or,  in  still  other  places,  a  single  bed  or  lens  of  shale  of 
one  variety  is  included  within  another  kind.  The  softer  varieties 
contain^  at  many  points  small  lenses  of  hard,  brittle,  or  semiflinty 
shale  elongated  parallel  with  the  bedding,  or  strata  in  which  lenses 
are  strung  along  at  irregular  intervals,  or  single  small  beds  com- 
posed entirely  of  harder  material.  In  such  occurrences  there  seems 
to  be  a  gradation  from  one  variety  to  the  other,  and  the  outlines 
of  the  hard  layers  are  not  regular  or  very  definite.  For  example, 
the  diatom-bearing  shale  of  chemical  analysis  No.  4  and  the  glassy 
1784— BuU.— 322— 07 i 


Digitized  by 


Google 


46  SANTA    MARIA   OIL   DISTRICT,   CALIFORNIA. 

opaline  rock  of  analysis  No.  6  were  samples  taken  from  the  same 
hand  specimen  within  1  inch  of  each  other.  The  mass  of  the  deposit 
from  which  the  spe^pimen  came  was  soft  white  shale  belonging  high 
in  the  formation  and  contained  a  rough  layer,  a  few  inches  thick,  of 
the  harder  material  between  two  beds  of  the  soft  rock. 

The  soft  shale  has  been  described  in  the  preceding  pages  as  *'imal- 
tered,'^  and  in  referring  to  the  harder  varieties  different  degrees  of 
*' alteration'^  have  been  mentioned,  for  the  reason  that  the  best 
explanation  of  the  origin  of  the  harder  rocks  appears  to  be  that  they 
are  products  of  metamorphism  of  the  soft  variety.  It  is  believed 
that  the  soft  white  and  chocolate-colored  organic  shale  represents 
the  original  state  of  the  beds  of  the  whole  formation,  and  that  a  proc- 
ess of  silicification  and  crystallization  has  caused  the  changes,  this 
process  having  been  aided  possibly  by  structural  disturbances  and 
pressure.  The  beds  of  soft  shale  are  usually  found  in  attitudes  only 
gently  disturbed,  whereas  the  harder  shale  is  most  commonly  much 
folded  and  is  invariably  the  component  rock  of  folds  whei'e  the 
forces  have  been  especially  intense.  This  fact  may  throw  light  on 
the  problem  of  the  alteration  of  the  shale,  and  yet  it  may  be  simply 
the  outcome  of  the  removal  of  the  softer  portion  of  the  formation 
in  the  regions  of  greatest  uplift  and  disturbance.  The  chief  agent 
in  causing  the  change  was  probably  infiltrating  water  carrying 
silica  in  solution.  In  some  places  the  process  may  have  been  simply 
or  largely  infiltration  in  tho  extremely  porous  original  shale  and 
deposition  of  silica  in  the  interspaces,  thus  giving  rise  to  hardened 
and  compacted  irregular  granular  aggregates  of  the  original  amor- 
phous silica  and  the  new  crystalline  silica  combined,  the  result  being 
an  increase  in  the  total  percentage  of  silica.  In  more  extreme  cases 
the  original  material  was  probably  partly  taken  in  solution  and  rede- 
posited,  being  replaced  almost  entirely  along  bands  or  in  spots,  and  the 
change  being  carried  to  a  less  extent  along  other  layers  and  in  other 
areas,  or  else  the  replacement  was  almost  complete  throughout.  As 
the  rock  was  rendered  more  compact  in  this  process  a  shrinkage  may 
have  been  the  result,  or  the  same  volume  may  have  been  retained 
and  the  pores  filled.  That  solution  took  place  along  with  deposition 
seems  to  be  shown  by  the  almost  complete  destruction  of  the  forms 
of  organisms. 

It  is  possible  that  the  differences  in  the  shales  may  be  original,  the 
result  of  variation  in  the  material  deposited.  Whole  series  of  beds  of 
different  material  might  have  been  deposited,  giving  rise  to  harder, 
more  siliceous  rocks  than  the  soft  varieties,  and  the  same  material 
might  have  been  locally  deposited  in  thin  beds  or  in  lenses  and 
nodules,  or  have  been  intermingled  with  the  others  to  form  the  inter- 
mediate varieties.    But  it  would  be  difficult  to  say  what  this  mate- 
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.1.     CHARACTERISTIC  EXPOSURE  OF  FERNANDO  GRAVEL. 
Second  ridge  east  of  Figueroa  Creek,  7  miles  northeast  of  Los  Olivos.     Photograph  by  Ralph  Arnold. 


li.     SHARP  DOUBLE  FOLD  IN  MONTEREY  SHALE. 
Looking  east  fronn  point  northwest  of  Zaca  Lake;  Zaca  Peak  in  distance.     Photograph  by  Ralph  Arnold. 
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rial  might  have  been,  and  the  more  or  less  completely  crystalline 
character  of  the  harder  shales  shows  that  metamorphism  has  taken 
place.  The  most  plausible  theory,  therefore,  is  that  the  Monterey 
shale  as  originally  laid  down  was  fairly  constant  in  character  and 
that  it  has  midergone  alteration  extensively,  as  well  as  very  locally, 
through  the  agency  of  siliceous  waters,  the  older  portions  of  the 
formation,  and  possibly  the  more  disturbed  portions,  having  been 
most  generally  subjected  to  the  change.  The  limestone  has  in 
places  been  altered  after  a  fashion  somewhat  similar  to  that  of  the 
siliceous  shales,  being  changed  to  marble,  probably  as  the  result  of 
solution  and  redeposition. 

The  Monterey  rocks  likewise  show  the  result  of  contact  metamor- 
phism to  a  very  local  extent  in  the  vicinity  of  the  diabase  intrusions. 
The  process  seems  to  have  been  largely  one  of  consolidation  through 
baking.  A  Hmestone  specimen  obtained  near  the  diabase  intrusion 
north  of  Zaca  Peak,  in  the  San  Rafael  Mountains,  gives  an  excellent 
illustration  of  shearing.  The  calcite  crystals  have  all  been  arranged 
parallel  and  greatly  elongated,  so  as  to  give  the  rock  a  schistose 
structure. 

STBTJOTTTEE  AKD  TEIOKMBSS. 

The  Monterey  has  nowhere  been  left  undisturbed.  In  places  it 
has  been  but  gently  folded.  Pis.  IV  (p.  36),  YIII,  B  (p.  78),  and  IX 
(p.  80)  show  examples  of  moderate  tilting.  But  at  other  places,  as 
at  that  pictiu-ed  in  PI.  VI,  B  (p.  46),  it  has  been  thrown  into  folds 
so  sharp  and  closely  spaced  that  the  succession  of  the  beds  and 
thickness  of  the  series  are  diflBcult  to  make  out.  The  details  of  its 
structure  are  discussed  under  the  heading  '* Structure*'  (pp.  76-78). 
The  tliickness  of  the  whole  series  is  at  least  5,200  feet.  Each  of  the 
two  divisions  comprises  a  maximum  known  thickness  of  2,600  feet. 
No  single  complete  section  of  the  whole  could  be  obtained. 

EVIDXHOS  OF  AOB. 

A  paucity  of  recognizable  molluscan  fossils  is  one  of  the  prominent 
characteristics  of  the  Monterey  in  this  region,  as  in  most  others  in 
the  Coast  Ranges  where  it  outcrops.  Moreover,  the  other  fossils 
that  it  contains  are  of  little  value  in  indicating  its  age.  Its  position 
in  the  geologic  column  is  determined  by  the  lower  Miocene  fossils 
foimd  just  below  its  base  in  the  Vaqueros  and  by  the  upper  Miocene 
fossils  foimd  at  or  near  the  base  of  the  Fernando  formation,  which 
lies  unconformably  above  it. 

The  following  two  species  of  mollusks  occur  in  the  Monterey 
diatomaceous  shale  on  the  road  just  above  the  Pinal  Oil  Company's 
office,  southeast  of  Orcutt:  Area  aff.  trilineata  Conrad,  Phacoides 
aff.  aciUilineaius  Conrad. 
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KETAX0RPHI81C  OF  THE  SEALB  BT  OOMBUSTIOH. 

At  many  different  places  in  the  Santa  Maria  district  and  elsewhere 
the  oil-bearing  shale  has  been  burnt  to  a  pink  or  deep  brick-red  color, 
or  turned  into  a  hard  vesicular  rock  like  scoriaceous  lava,  as  shown 
in  PL  V,  B,  p.  36.  This  metamorphism  is  due  to  the  combustion  of 
the  hydrocarbon  content.  Though  the  combustion  is  usually  local 
in  its  effects,  the  number  and  wide  distribution  of  the  occurrences  of 
burnt  shale  lend  importance  to  the  phenomenon.  Such  altered  shale 
is  of  some  value  as  indicating  where  the  rock  has  been  bituminous 
and  where  the  conditions  have  favored  the  occurrence  of  seepages. 

LOCALITIES   WHERE   THE   SHALE    IS   AT  PRESENT  BURNING. 

A  number  of  localities  have  been  observed  at  which  combustion 
is  at  present  or  has  been  in  recent  years  in  progress  within  the  Mon- 
terey shale.  One  of  these  is  on  the  north  side  of  Graciosa  Ridge, 
south  of  the  Santa  Maria  Valley,  near  the  Rice  ranch  oil  well  No.  1. 
When  this  locality  was  visited  by  the  writers  early  in  the  autumn 
of  1906,  a  fire  was  burning  underground  in  the  shale,  causing  a  smoke 
of  disagreeable  odor  to  issue  from  the  surface  and  making  the  ground 
hot  over  an  area  of  many  square  yards.  Oil  was  oozing  up  at  various 
points  near  by,  and  the  ground  was  heated  in  the  neighborhood  of 
all  these  seepages.  The  holes  from  which  vapor  issued  were  coated 
with  delicate  crystals  of  sulphur.  At  the  point  where  the  burning 
was  actually  going  on  and  all  about  in  the  vicinity,  for  a  distance 
of  several  hundred  feet  in  some  directions,  the  shale  was  altered  to 
a  bright-red  color,  or  baked  almost  to  the  hardness  of  compact  igneous 
rock,  or  rendered  vesiculaf  like  lava. 

There  can  be  no  doubt  that  this  fire  was  supported  by  the  bitu- 
minous material  in  the  shale,  and  it  was  probably  started  by  brush 
fires,  though  these  had  occurred  a  good  many  months  before,  as 
shown  by  the  new  growth  of  the  bushes.  It  was  said  that  there 
was  a  brush  fire  about  January  1,  1906,  which  started  the  fire  in  the 
shale,  and  that  futile  attempts  to  put  it  out  by  dumping  dirt  to 
smother  it  had  been  made  ever  since  that  time.  It  seems  likely, 
however,  that  this  same  fire  has  been  in  progress  for  several  years. 
This  likelihood  is  borne  out  by  other  accounts.  It  is  stated  that 
sometimes  during  the  course  of  brush  fires  on  the  hills  sudden  darts 
of  flames  may  be  seen  at  night  from  a  considerable  distance — the 
result  of  the  setting  on  fire  of  gas  escaping  from  the  rocks. 

Other  cases  of  burning  in  the  shale  have  been  observed  in  recent 
years  at  the  San  Marcos  ranch  in  the  Santa  Ynez  Valley,  and  at  the 
mouth  of  Rincon  Creek,  on  the  coast  near  Santa  Barbara,  as  de- 
scribed by  II.  C.  Ford.*    The  phenomena  exhibited  resemble  those 

a  Bull.  Santa  Barbara  Soc.  Nat.  Hist.,  vol.  1,  No.  2,  October,  1890. 
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of  solfataras  and  have  given  rise  to  the  opinion  that  volcanic  activity 
is  present  in  this  region.  This  so-called  ''Rincon  volcano''  existed 
before  1855,  being  referred  to  in  the  Pacific  Railroad  reports;  this 
shows  that  the  burning  has  continued  a  long  time. 

TYPICAL   OCCURRENCES  OF   BURNT   SHALE. 

Outcrops  of  burnt  shale  occur  in  eight  or  ten  localities  in  the  Santa 
Maria  district.  The  best  examples  are  at  various  places  along  the 
ridge  of  the  Casmalia  Hills  from  a  point  south  of  Schumann  to 
Waldorf;  on  the  north  and  south  sides  of  Graciosa  Ridge;  and  on 
Redrock  Mountain  4  miles  southeast  of  Los  Alamos.  In  each  of 
these  regions  every  stage  of  alteration  is  exhibited,  from  the  slightly 
discolored  shale  to  hard  slaglike  rocks  of  varying  shades  of  red  and 
black.  The  area  of  altered  shale  in  the  different  localities  ranges 
from  about  a  hundred  square  feet  to  a  half  a  square  mile  or  more,  as 
at  Redrock  Mountain.  In  each  the  burnt  rock  is  surroimded  by  unal- 
tered, usually  soft,  white,  diatomaceous  shales  which  in  most  places 
show  the  planes  of  stratification.  At  no  point  observed  was  a  sign 
of  stratification  left  in  the  baked  shale.  In  every  occurrence  the  shales 
in  the  neighborhood  are  bituminous  and  asphalt  deposits  are  usually 
adjacent. 

The  largest  area  of  altered  shale  is  on  the  summit  and  surrounding 
ridges  of  Redrock  Mountain.  This  is  the  highest  of  the  hills  in  the 
basin  region  between  the  San  Rafael  and  Santa  Ynez  mountains, 
being  1,968  feet  above  the  sea;  the  height  of  most  of  the  summits  in 
the  vicinity  is  from  1,000  to  1,500  feet.  Redrock  Mountain  seems  to 
owe  its  prominence,  at  least  in  part,  to  the  metamorphosed  shale  that 
forms  its  summit.  Likewise,  in  the  800-foot  hill  on  the  southeast  side 
of  Schumann  Pass,  the  capping  of  this  same  character,  resembling 
volcanic  rock,  seems  to  have  caused  the  topographic  relief.  The 
metamorphism  in  these  localities  probably  took  place  a  long  time 
ago.  At  Redrock  Mountain  great  deposits  of  asphalt  are  in  places 
in  contact  with  the  altered  shale,  and  there  is  a  large  area  of  shale 
impregnated  with  bitumen. 

DEPTH   TO   WHICH    ALTERATION    HAS    EXTENDED. 

The  depth  to  which  alteration  has  extended  below  the  surface  in 
these  occurrences  is  difficult  to  determine.  A  cliff  of  burnt  shale 
50  to  100  feet  high  is  exposed  4 J  miles  due  south  of  Guadalupe,  and 
the  difference  of  elevation  of  points  in  the  Redrock  Mountain  neigh- 
borhood where  the  altered  rock  outcrops  amounts  to  several  hundred 
feet.  That  such  metamorphism  of  the  shale  has  not  been  solely  a 
surface  phenomenon  is  shown  by  the  fact  that  burnt  shale  has  been 
found  at  considerable  depths  in  drilling.  Mr.  Orcutt,  of  the  Union  Oil 
Company,  exhibited  samples  of  red  shale,  coming  from  depths  of  950 
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to  1,040  feet  below  the  surface  in  Hill  well  No.  1,  in  the  Lompoc  field, 
which  are  identical  in  appearance  and  texture  with  the  burnt  shale 
elsewhere.  Traces  of  petroleum  were  associated  with  the  upper 
stratum  of  burnt  shale  in  this  well.  In  numerous  other  wells  in  the 
Santa  Maria  field  red  shale,  doubtless  burnt,  was  found  at  depths 
ranging  between  90  and  330  feet  below  the  surface.  The  hardening 
consequent  on  the  burning  has  in  some  places  rendered  the  rock  dif- 
ficult to  pierce  with  the  drill. 

UTHOLOOIO    CHARACTER   OP    BURNT   SHALE. 

The  burnt  shale  exhibits  all  stages  of  change  from  a  slight  indura- 
tion and  discoloration,  due,  probably,  to  oxidation  of  iron,  to  an 
extreme  hardening  and  partial  fusion.  Where  slightly  altered,  the 
normal  white  shale  assumes  a  light-pink  color.  From  this  stage  it 
passes  through  various  shades  of  rose  and  brick-red  and  deepens  in 
color  to  a  reddish,  bluish,  or  greenish  black,  or  even  a  true  black.  In 
the  advanced  stages  of  change  it  becomes  a  rough,  brittle,  reddish, 
porous  slag,  like  vesicular  lava,  or  a  very  hard,  compact,  dark,  and 
dull-colored  rock,  looking  something  like  a  compact  igneous  rock. 
An  example  of  partly  vesicular  and  partly  compact  burnt  shale  is 
shown  in  PI.  V,  B  (p.  36).  Burnt  shale  is  not  crystalline,  but  the 
texture  is  so  variable  as  to  give  a  patchy  appearance  to  surfaces.  In 
one  place  it  may  be  compact  and  black,  nep-rly  full  of  irregular  cavi- 
ties, surrounded  by  patches  of  different  colors;  in  another,  vesicular 
and  reddish.  Whereas  the  weight  of  the  original  shale  is  slight,  the 
lighter  varieties  having  a  specific  gravity  less  than  that  of  water,  the 
excessively  burnt  shale  is  very  heavy.  The  material  has  evidently 
contracted  to  much  less  than  its  original  volume,  the  angular  cavities 
and  irregular  vesicles  being  one  consequence  of  this  contraction.    . 

Under  the  microscope  the  rock  in  the  more  advanced  stages  of  alter- 
ation appears  to  have  an  exceedingly  fine  grained,  amorphous,  porous 
groundmass,  discolored  with  reddish-brown  or  gray  stains.  Black 
filaments  and  dots  appearing  like  carbonaceous  material  are  common. 
Exceedingly  minute  rounded  and  irregular  grains  scattered  through 
the  whole,  but  forming  no  appreciable  proportion  of  it,  are  the  only 
portions  visible  under  crossed  nicols.  They  extinguish  four  times  in 
a  revolution  of  the  'field  and  are  probably  clastic  quartz  grains. 
These  are  characteristic  of  the  unaltered  shale  as  well. 

G.  H.  Eldridge**  notes  an  occurrence  of  burnt  shale  near  the  old 
Blake  asphalt  mine,  south  of  Graciosa  Ridge.  He  says:  "The  shale 
now  appears  red,  ashlike  to  hard  and  clinker-like,  glazed,  or  silicified; 
bodies  of  bitumen  contained  within  this  have  the  appearance  of  a 
coke,  as  though  derived  from  the  solid  fixed  carbon  of  the  petroleum.'' 

oThc  asphalt  and  bituminous  rock  deposits  of  the  United   States:    Twenty-second  Ann.  Rept. 
U.  8.  Oeol.  Survey,  pt.  1,  1901,  p.  428. 
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The  likeness  of  varieties  of  the  burnt  shale  to  Volcanic  rocks  is  indi- 
cated by  the  fact  that  Thomas  Antisell,  in  his  account  of  the  geology 
of  the  Coast  Ranges  in  the  Pacific  Railroad  reports,**  describes  "scori- 
aceous"  and  " amygdaloidal  lava/'  "whitish-gray,  hard  trachytiq 
rock,''  "volcanic,"  and  "igneous  rocks"  in  the  region  of  Santa  Ynez 
River,  evidently  having  reference  to  the  burnt  shale.  He  considered 
these  rocks  to  be  eruptive  masses,  forming  the  oldest  and  axial  rocks 
of  the  hill  ranges,  whereas  they  are  part  of  the  Monterey  shale,  which 
overUes  the  basement  formation.  He  regarded  the  associated  diato- 
maceous  shales  in  some  places,  although  not  in  others,  as  "magnesian" 
and  "tremolite"  rocks  of  igneous  origin,  and  refers  to  the  places 
where  the  shale  is  burning  as  examples  of  present  volcanic  activity. 

CAUSE   OF  THE    ALTERATION. 

There  can  be  little  doubt  that  the  burnt  condition  of  the  shale  is 
in  all  places  the  result  of  heat  produced  by  combustion  of  its  hydro- 
carbon content.  The  phenomenon  is  confined  to  the  Monterey  shale, 
which  is  the  source  of  a  large  part  of  the  California  petroleum,  and 
to  those  regions  in  which  this  formation  is  extremely  bituminous. 
The  shale  in  many  such  places  is  impregnated  with  petroleum  and 
the  cracks  partially  filled  with  it.  The  areas  of  altered  shale  are 
almost  invariably  situated  in  the  vicinity  of  oil  seepages,  which 
usually  denote  a  fractiu'ed  condition  of  the  rocks  such  as  would 
allow  fire  to  spread  and  be  supported.  The  observance  of  fires 
actually  in  progress  in  the  shale  and  the  changes  that  have  taken 
place  in  the  neighboring  rocks — changes  in  every  way  similar  to 
those  in  localities  where  no  fire  exists  at  present — give  the  best  clues 
to  the  manner  in  which  the  shale  has  been  baked  in  other  places.  It 
is  difficult  to  conceive  another  source  of  heat  sufiicient  to  cause  local 
baking  of  the  shale  in  otherwise  unaltered  strata  at  a  depth  of  1,000 
feet  below  the  surface  in  such  a  case  as  has  been  mentioned.  Prob- 
ably there,  as  on  the  surface,  it  was  due  to  ignition  of  bituminous 
material.  It  is  probable  that  fire  started  in  the  petroliferous  shale 
at  the  surface  and  threaded  its  way  downward  along  cracks  partially 
filled  with  bitumen.  The  failiu'e  to  smother  the  fire  in  the  shale  on 
Graciosa  Ridge,  previously  noted,  indicates  that  such  fires  are  able 
to  siu^ve  with  a  small  air  supply.  On  the  other  hand,  if  the  above 
theory  is  correct,  it  indicates  that  a  considerable  amount  of  oxygen 
may  be  present  in  the  rocks  at  such  a  depth. 

In  this  connection  it  may  be  mentioned  that  the  temperatiu^e  in  a 
well  near  the  one  in  which  the  burnt  shale  was  found  was  152°  F., 
at  a  depth  of  3,600  feet.  The  cause  of  ignition  may  be  kindled  fires, 
lightning,  or  the  spontaneous  combustion  of  the  hydrocarbons  or 

a  Explorations  and  surveys  for  the  Pacific  Railroad,  vol.  1, 1857,  pp.  65-72. 
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surface  vegetation.  Many  of  the  recent  cases  of  burning  are  directly 
traceable  to  the  first  cause,  but  for  those  which  may  have  taken  place 
before  the  advent  of  man  either  the  second  or  third  cause  will  have 
to  be  invoked. 

RANGE   IN   TIME    OP  THE  PHENOMENON. 

As  already  mentioned,  the  marked  influence  of  the  hardened  shale 
on  the  topography  in  certain  places  indicates  that  it  originated  in 
those  places  a  long  time  ago.  The  age  of  some  of  the  burnt  shale  is 
further  shown  by  the  presence  of  numerous  fragments  of  it  at  a 
depth  of  at  least  10  feet  below  the  surface  in  horizontal  beds  of  Pleis- 
tocene age.  These  beds  consist  of  sand,  clay,  and  rough  gravel,  and 
form  the  low  hills  between  Guadalupe  Lake  and  the  high  hills  to  the 
west.  The  fragments  of  shale  are  little  worn  and  evidently  of  local 
derivation,  having  possibly  come  from  the  cliffs  already  mentioned 
south  of  Guadalupe.  The  fact  that  the  Monterey  shale  has  imder- 
gone  this  kind  of  baking  in  Pleistocene  as  well  as  in  recent  time  indi- 
cates further  that  the  accumulation  of  the  oil  and  its  dissemination 
in  the.  surface  rocks  took  place,  or  were  taking  place,  before  the 
latest  orogenic  movements  in  this  coastal  region. 

FERNANDO   FORMATION    (mIOCENE-PLIOCENE-PLEISTOCENE)  . 
OEHEKAL  STATXKENT. 

The  name  Fernando  was  first  applied  by  Homer  Hamlin  to  a  series 
of  rocks  overlying  the  Monterey  in  the  San  Fernando  Valley,  Los 
Angeles  County.  The  formation  has  since  been  recognized  by 
Eldridge  and  Arnold  <*  in  the  region  of  the  Puente  Hills,  Los  Angeles, 
and  Santa  Clara  Valley  oil  districts,  where  it  is  a  series  of  unaltered 
sedimentary  rocks  lying  xmconformably  over  the  Monterey,  and 
probably  representing  a  portion  of  upper  Miocene  time,  the  whole  of 
the  Pliocene,  and  a  part  of  the  Pleistocene.  Its  lower  portion  is  the 
equivalent  of  the  Santa  Margarita  and  Pismo  formations,  and  its 
upper  portion  is  contemporaneous  with  the  Paso  Robles  formation, 
as  these  three  are  described  by  Fairbanks  in  the  San  Luis  folio.'' 

In  the  region  at  present  imder  discussion  the  name  Fernando  is 
applied  to  a  similar  formation  that  represents  a  large  part  of  the 
Pliocene  and  probably  includes  the  upper  Miocene  and  part  of  the 
lowest  Pleistocene.  It  consists  throughout  of  a  series  of  sandstone, 
conglomerate,  and  shale  resting  xmconformably  upon  the  Monterey. 
Unconformities  also  exist  locally  within  the  Fernando.  It  attains 
a  thickness  of  at  least  3,000  feet,  but  no  one  section  exposes  the  whole 
series  and  it  is  probable  that  the  formation  includes  a  considerably 
greater  thickness.     It  is  widespread  in  the  northern  part  of  Santa 

a  The  Santa  Clara  Valley,  Los  Angeles,  and  Puente  Hills  oil  districts,  southern  California:  Dull. 
S.  Oeol.  Survey  No.  309.  1907,  pp.  22-28. 

logic  AUas  U.  S.,  foUo  101,  U.  S.  Geol.  Survey,  1904.. 
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Barbara  County,  where  it  was  deposited  in  the  old  basin  between  the 
Santa  Ynez  and  San  Rafael  ranges.  It  covers  up  the  Monterey 
over  the  greater  part  of  the  basin,  and  as  its  structure  in  most  places 
there  conforms  approximately  to  that  of  the  Monterey,  it  is  a  fairly 
good  key  to  the  folding  that  has  taken  place  in  this  underlying 
formation.  The  relation  between  the  Monterey  and  Fernando  is  of 
a  somewhat  perplexing  nature.  An  unconformity  in  dip  between 
the  two  was  not  to  be  definitely  made  out  on  examination  of  the 
exposed  contact  in  any  part  of  the  central  basin,  because  of  the 
fact  that  the  Monterey  and  Fernando  were  subjected  practically  to 
the  same  movements  over  a  large  part  of  the  region.  Lithologic 
similarity  of  parts  of  the  Fernando  to  the  Monterey  is  also  an  obstacle 
to  their  differentiation.  But  pebbles  of  Monterey  shale  and  flint, 
showing  here  and  there  pholas  borings  and  giving  evidence  of  marine 
deposition,  are  abundant  in  the  Fernando.  In  fact,  the  greater  part 
of  the  coarse  detrital  material  of  the  Fernando  conglomerate  is 
derived  from  the  Monterey,  proving  that  its  period  of  deposition 
was  one  of  erosion  in  the  previously  deposited  shale,  that  it  followed 
the  uplift  above  sea  level  of  a  portion  of  the  Monterey,  and  that  it 
was  subsequent  to  the  formation  of  the  flint  in  that  shale  series. 
The  importance  of  the  break  between  the  two  is  indicated  by  the 
change  in  character  of  the  deposits  from  organic,  probably  deep- 
water  sediments  almost  free  from  erosional  debris  to  sandy  and 
gravelly  deposits  derived  from  the  wearing  away  of  hard  land  areas. 
This  change  was  hardly  as  marked  as  that  occurring  in  the  reverse 
order  at  the  close  of  Vaqueros  time,  although  it  accompanied  what 
was  probably  a  greater  time  and  structural  break.  The  apparent 
structural  conformity  between  the  Monterey  and  Fernando  at  most 
places  within  the  basin  region  is  probably  due  to  the  previously 
almost  undisturbed  attitude  of  the  shale  upon  which  the  Fernando 
was  laid  down  and  the  subsequent  distiu^bance  of  both  formations 
at  the  same  time.  But  remnants  of  the  Fernando  left  around  the 
border  exhibit  less  conformity  with  the  underlying  Monterey,  owing 
doubtless  to  the  fact  that  the  shale  of  the  latter  was  upheaved  aroxmd 
the  edges  of  the  basin  to  form  the  mountains  bordering  it  during 
the  period  intervening  between  the  close  of  Monterey  time  and  the 
beginning  of  deposition  of  the  Fernando. 

The  chief  importance  of  the  Fernando  in  connection  with  studies 
of  this  oil  field  is  derived  from  the  facts  that  it  hides  the  oil-bearing 
formation  over  a  wide  area;  that  it  affords  through  its  structure, 
however,  a  clue  to  the  structure  of  the  underlying  Monterey;  and 
that  it  acts  as  a  reservoir  for  oil  (Arroyo  Grande  field)  and  as  a  recep- 
tacle for  escaping  bituminous  material.  In  the  last-mentioned  way 
it  gives  origin  to  asphalt  deposits  of  economic  value  and  to  cappings 
of  hard  asphalt  that  may  be  of  significance  as  an  aid  in  the  retention 
of  the  oil  within  the  Monterey. 
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This  formation  is  mapped  as  a  unit,  although  it  certainly  rep- 
resents a  long  period  during  which  sedimentation,  continuous  in 
the  region  as  a  whole,  was  locally  intermittent  and  carried  on  imder 
differing  conditions,  owing  to  the  differential  elevations  to  which 
the  region  was  subjected.  The  stratum  resting  upon  the  Monterey 
in  one  place  is  apt  to  be  absent  in  another,  where  an  overlap  of  one 
or  another  stratum  may  occur.  The  lowest  recognized  Fernando 
rocks  occur  south  of  Sisquoc,  where  the  Monterey  is  overlain  by  a 
bed  of  brecciated  and  waterworn  shale  derived  from  it  and  cemented 
by  argillaceous  sand,  above  which  lies  about  200  feet  of  fine  sand, 
succeeded  by  a  50-foot  layer  of  diatomaceous  shale  that  is  indistin- 
guishable from  that  of  the  Monterey.  Above  this  shale  the  series 
grades  up  tlirough  about  600  feet  of  fine  white  and  j^ellow  sand  and 
coarse  sand,  until  a  bed  of  conglomerate  is  reached.  At  other  places, 
as  south  of  Waldorf  and  south  of  Harris,  the  lowest  stratum  found 
at  Sisquoc  is  either  wanting  or  of  minor  importance,  and  beds  of  dia- 
tomaceous shale  lie  conformably  over  the  Monterey  shale,  making 
the  dividing  line  very  hard  to  find.  West  of  Waldorf  the  contact 
is  marked  for  miles  by  a  bed  of  brecciated  Monterey  shale  of  coarse 
and  fine  fragments,  in  places  cemented  into  a  hard  amalgam  by  a 
paste  of  bituminous  material.  Here  the  overlying  beds  are  made 
up  of  fine  shale  and  sand  and  pebbly  sandstone,  which,  though  actually 
separated  by  an  important  unconformity  from  the  Monterey,  as 
indicated  by  the  brecciated  zone  and  the  abundance  of  pebbles  of 
that  fonnation  in  them,  are  conformable  in  dip  with  the  underlying 
beds.  A  still  younger  series  of  fossiliferous  shale  and  sand  marks 
the  base  of  the  Fernando  1 J  miles  northeast  of  Divide,  and  also  north- 
east of  Schumann  and  northwest  of  Mount  Solomon;  and  on  the 
summit  of  the  ridge  in  the  vicinity  of  the  head  of  Pine  Canyon, 
halfway  between  the  two  latter  localities,  the  Monterey  is  capped 
by  what  appears  to  be  a  part  of  the  same  series  somewhat  younger 
still.  This  shows  that  at  the  locality  near  the  head  of  Pine  Can- 
yon either  an  overlap  of  the  late  Fernando  occurred  on  an  old 
eminence  of  Monterey  shale  that  was  above  the  sea  at  the  time  of 
the  deposition  of  the  part  of  the  Fernando  immediately  preceding, 
causing  the  omission  on  its  summit  of  hundreds  of  feet  of  sedi- 
ments which  were  deposited  around  its  base;  or  else  the  portion 
of  the  Fernando  preceding  this  series  was  removed  from  above  the 
Monterey  during  a  period  of  erosion  within  Fem?,ndo  time,  this 
period  being  followed  by  subsidence. 

Along  the  ridge  1  mile  southeast  of  Redrock  Mountain,  in  the 
Purisima  Hills,  there  is  a  capping  of  diatomaceous  shale  resembling 
that  of  the  Monterey  in  every  respect,  but  containing  characteristic 
Fernando  fossils.  It  was  not  suspected  that  this  shale  belonged  to 
a  formation  distinct  from  the  Monterey  until  the  fossils  were  found. 
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It  would  be  difficult  to  work  out  the  limits  of  the  area  that  this 
remnant  covers.  In  all  probability  it  is  very  small,. and  it  has  not 
been  shown  on  the  map.  This  shale  here  forms  the  base  of  the 
Fernando.  A  pebbly  layer  with  constituent  well-worn  pebbles  of 
Monterey  shale  embedded  in  sand  has  aided  in  the  accumulation  of 
asphalt  on  the  summit  of  the  ridge  near  by,  where  it  probably  marks 
the  basal  line  of  the  Fernando  formation. 

Above  the  soft  diatomaceous  or  gritty  shale  and  fine  white  sand 
that  is  common  at  or  near  the  bottom  of  the  Fernando  the  bulk  of 
the  formation  is  composed  of  rather  loosely  consolidated  fine  white 
and  yellow  sand  and  coarser  gray  sand  that  grades  here  and  there 
into  thick  beds  of  loose  conglomerate.  The  conglomerate  is  made 
of  well-worn  pebbles,  mostly  of  flint  and  hard  shale,  embedded  in  a 
coarse  sandy  matrix.  Locally  the  sand  and  conglomerate  are  ex- 
tremely hard,  owing  usually  to  the  presence  of  a  large  number  of 
mollusk  shells  from  which  a  calcareous  cement  has  been  derived. 
The  most  prominent  bed  of  conglomerate,  and  one  that  seems  to  be 
constant  over  the  whole  region,  occurs  from  800  to  1,000  feet  up  in 
the  series  (above  the  lowest  horizon)  just  north  of  Canada  de  los 
Alisos,  on  La  Lagima  grant.  What  is  probably  the  same  bed  is  well 
exposed  in  cliffs  west  of  Canada  Laguna  Seca,  1 J  miles  south  of  the 
Los  Alamos  Valley.  This  loose  aggregate  of  sand  and  pebbles  in 
alternating  strata  of  coarse  and  fine  material  is  dominantly  com- 
posed of  the  light-colored  pebbles  of  Monterey  shale.  Pebbles  of 
other  varieties  occiu*  more  sparingly.  Above  the  conglomerate  lies 
a  stratum  of  limestone  that  is  constant  over  the  whole  region  and 
seems  to  mark  a  division  in  the  Fernando.  There  are  two  or  more 
massive  beds  of  hard  limestone  interbedded  with  soft,  gray,  very 
alkaline,  earthy  material,  making  a  total  thickness  ranging  from  10 
to  perhaps  50  feet.  Its  fossils  indicate  that  it  is  of  fresh- water 
origin,  and  possibly  it  marks  the  base  of  a  fresh  or  brackish  water 
series.  The  portion  of  the  Fernando  overlying  this  limestone  prob- 
ably corresponds  to  the  fresh-water  Paso  Robles  formation  of  the 
Salinas  Valley  described  by  Fairbanks  in  the  San  Luis  folio.  In 
some  places  where  this  higher  portion  of  the  Fernando  above  the 
limestone  has  not  been  worn  away,  it  is  found  to  consist  of  little- 
consolidated  beds  of  fine  sand,  gravel,  and  clay  that  look  as  if  they 
might  have  been  laid  down  in  fresh  water,  but  no  proof  of  their 
origin  has  been  found.  Such  beds  are  well  exposed  in  the  foothills 
of  the  San  Rafael  Range  north  of  Santa  Ynez,  where  they  weather 
characteristically  into  cliffs  at  the  summit  of  hills.  A  view  of  such 
an  exposure  is  given  in  PI.  VI,  A  (p.  46),  which  affords  a  good  idea  of 
the  rough  alternating  beds  of  coarse  material.  No  good  lithologic  or 
paleontologic  criteria  are  known  by  which  this  series  may  be  sepa- 
rated from  the  lower  portion  of  the  Fernando,  and  they  are  there- 
fore mapped  as  a  unit. 
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STRXrOTURE. 

As  has  been  stated,  the  Fernando  is  generally  so  nearly  conform- 
able with  the  Monterey  that  it  is  difficult  to  draw  a  line  between 
them  on  the  basis  of  a  discrepancy  in  dip.  Nevertheless,  it  is  in 
general  true  that  folding  has  been  gentler  in  the  Fernando  than  in 
the  Monterey.  It  would  seem  that  the  older  formation  had  been 
disturbed  in  varying  amounts,  in  some  places  severely  and  in  others 
gently,  during  the  process  of  uplift  that  put  an  end  to  its  period  of 
deposition.  As  a  result  the  dips  at  the  present  time  in  the  Fer- 
nando are  apt  to  be  less  steep  than  in  the  Monterey,  but  folding  has 
gone  on  largely  along  old  lines,  so  that  conformity  in  strike  between 
the  two  formations  is  the  rule. 

Wide,  low  folds  are  characteristic  of  the  structure  in  the  Fernando 
within  the  Santa  Maria  basin  region.  This  is  illustrated  by  the 
broad  anticlines  in  this  formation  in  the  Solomon  Hills,  the  broad 
anticline  in  the  Purisima  Hills,  and  the  synclines  in  the  IjOs  Alamos 
and  Santa  Rita  valleys,  in  which  the  dips  range  from  5°  to  25°  as  a 
rule  for  a  long  way  on  either  side  of  the  fold  and  rarely  become 
steeper  than  30°  or  35°.  In  places,  as  south  and  west  of  Sisquoc 
and  west  of  Canada  Laguna  Seca,  the  beds  are  almost  if  not  quite 
horizontal,  but  this  is  exceptional.  Curves  and  plunges  in  the  pre- 
existing low  folds  in  the  Monterey  gave  rise  to  structural  basins  in 
which  the  Fernando  was  deposited  as  a  filling.  Such  was  the  origin 
of  the  oval  area  of  Fernando  sand  covering  the  eastern  portion  of 
the  Todos  Santos  y  San  Antonio  grant.  This  basin  is  the  westward 
extension  of  a  great  synclinal  basin  that  runs  from  that  locality  first 
eastward  and  then  southeastward  across  the  Los  Alamos,  La  Laguna, 
and  Corral  de  Quati  grants  and  has  determined  the  position  of  the 
Los  Alamos  Valley.  The  northern  arm  yf  this  syncline  slopes  grad- 
ually up  to  the  axis  of  the  Solomon  Hills,  and  the  southern  arm  rises 
abruptly  into  the  Purisima  Hills,  the  slope  on  both  sides  conforming 
with  the  topography.  The  region  of  low  slopes  covered  by  parts  of 
the  Mission  La  Purisima  and  Santa  Rita  grants  is  a  somewhat  simi- 
lar wide  synclinal  basin  filled  with  soft  Fernando  sediments.  The 
Fernando  is  steeply  upturned  along  the  northeastern  border  of  the 
Casmalia  Hills,  where  it  stands  almost  vertically  in  contact  with 
much  disturbed  and  in  places  overturned  beds  of  the  Monterey 
shale.  It  is  upturned  also  where  it  rests  against  the  serpentine 
north  of  Alamo  Pintado  Creek  on  the  La  Laguna  grant,  and  south- 
west of  Los  Alamos  it  seems  to  dip  very  steeply  under  the  brow  of 
an  overturn  in  the  Monterey.  In  the  San  Rafael  Mountains  patches 
of  Fernando  deposits  occur  as  remnants,  and  the  beds  in  many 
places  are  steeply  folded  or  turned  completely  on  edge.  They 
exhibit  unconformity  with  the  Monterey.  In  at  least  three  places 
the  Fernando  is  affected  by  faulting — a  few  miles  west  of  Los  Ala- 
mos, in  the  neighborhood  of  Cebada  Canyon,  and  along  the  fault 
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crossing  Labrea  Creek.     In  the  first  two  the  dip  of  the  beds  is  mod- 
erate and  the  disturbance  is  not  great. 

DISTKIBUnOK. 

An  idea  of  the  distribution  of  the  Fernando  may  be  well  obtained 
from  the  map  (PI.  I,  in  pocket),  as  it  is  not  covered  by  so  many  forma- 
tions as  the  older  series.  It  is  much  more  widespread  near  the  surface, 
however,  than  appears  on  the  map,  since  it  is  probably  present  and 
hidden  by  only  thin  deposits  over  a  great  part  of  the  area  mapped 
as  terrace  deposits  and  alluvium. 

The  general  character  of  the  Fernando  is  that  of  a  filling.  Its  soft, 
loose,  spreading  sands,  which  preserve  poorly  evidence  of  low  folds, 
form  moundlike  hills  and  broad  valleys  that  convey  the  idea  of  a 
filled  topography.  But,  on  the  other  hand,  harder  beds  and  surface 
cappings  due  to  hardening  by  iron  oxide,  which  not  uncommonly  pro- 
duce sharp,  square  outlines,  are  marked  features  of  the  topography, 
as  in  the  vicinity  of  Mount  Solomon,  at  the  head  of  Howard  Canyon. 
On  the  northeastern  border  of  the  Casmalia  Hills,  between  Schumann 
and  Graciosa  Canyon,  a  lime-hardened  sandstone  predominates  and 
forms  a  prominent  ridge.  In  the  Santa  Rita  Hills  the  lines  of  structure 
that  there  curve  around  from  a  westerly  direction  to  the  southeast  are 
brought  out  by  the  resistant  limestone  which  supports  the  northeast 
flanks  of  the  hills.  The  wide-stretching  foothills  of  the  San  Rafael 
Range  north  of  Santa  Ynez  have  a  character  all  their  own.  They  are 
formed  of  gravel,  clay,  and  sand  that  have  the  appearance  of  belong- 
ing to  a  fresh  or  brackish  water  series,  and  they  stand  out  with  many 
bold  faces  that  have  been  cut  in  the  soft  formation,  as  illustrated  in 
PL  VI,  A,  Elsewhere  the  dominant  character  of  the  Fernando  and 
its  topographic  forms  are  due  to  the  soft  sand  which  forms  the  major 
portion  of  the  series. 

EVIDENCE  OF  AOE. 

At  least  five  and  probably  six  distinct  horizons  are  recognizable  in 
the  Fernando  by  means  of  characteristic  fossil  faunas.  The  locali- 
ties at  which  these  different  faunas  occur,  named  in  their  probable 
relative  order,  beginning  with  the  oldest,  are  as  follows: 

(a)  South  of  Waldorf  in  soft  shale;  south  and  east  of  Sisquoc  in  fine  sandstone. 

(6)  "Sea-urchin  bed,"  Squires  (Santa  Maria  Oil  and  Gas)  lease:  California  Coast 
lease;  south  of  Gracioea- Western  Union  wells;  west  of  Harris  Canyon;  vicinity 
of  Hill  wells  in  the  Lompoc  field;  and  near  head  of  Howard  Canyon. 

(c)  Waldorf  asphalt  mine,  railroad  cut  1  mile  northeast  of  Schumann;  Pennsylvania 
asphalt  mine  at  east  end  of  Graciosa  Ridge;  all  in  gray  shale  or  fine  gray  sand- 
stone. 

((/)  Waldorf  aaphalt  mine;  railroad  cut  1  mile  northeast  of  Schumann;  Fugler  Point 
asphalt  mine;  Sisquoc  (or  Alcatraz)  asphalt  mine;  and  points  along  north  flank 
of  Casmalia  Hills,  in  coarse  sandstone  or  conglomerate. 

(«)  East  end  of  Foleom  leaae  in  soft  sandstone. 

(/)  Freih  or  brackiah  water  beds  immediately  west  of  the  mouth  of  Canada  Laguna 
Seca. 
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The  beds  at  horizon  a  are  of  marine  origin,  are  probably  upper  Mio- 
cene in  age,  and  correspond  in  a  general  way  to  Fairbanks's  Santa 
Margarita  and  Pismo  formations.  Those  at  horizons  6,  c,  dy  and  e  are 
of  marine  origin,  are  closely  related,  belong  at  the  base  of  the  Pliocene, 
and  are  in  a  general  way  the  equivalents  of  the  middle  Purisima 
and  lower' and  upper  San  Diego  formations.  At  horizon/  are  beds 
of  fresh-water  origin,  probably  representing  Fairbanks^s  Paso  Robles 
formation  and  Lawson's  marine  Merced  formation. 

The  following  is  a  list  of  the  fossils  obtained  from  the  Fernando : 

Fernando  {upper  Miocaic-Plioctne-Pleistocene)  fossils  from  the  Santa  Maria  district^ 

California. 


Actfcon  sp 

Amphissa  (?)  Mp 

Anguius  sp 

Area  sp.  a 

Area  8p.  Indet 

Area  trillneata  Conrad  (PL  XXIV, 

fig.5) 

Astvris  richthofcni  GabI)  (PI.  XXIV, 

flg.3) 

Balanua  cf.  concavus  Bronn 

Bathytoma  carpenUiriana  Oabb  var. 

feniundoana   Arnold    (PI.   XXIII, 

riK-7t 

Bathytoma  cf.  tryoniana  (Jabb 

Bittiuui  arnoldi  Bartsch 

Bittium  casinaliai'nsis  Bartsch 

Cadulus  fusifonnis  Sharp  and  Pils- 

br>- (PL  XXI,  fig.  8) 

CalliOHtorna  sp.  indet 

Calhsta  aubdiaphana  Carpenter 

Cancellana  sp.  a 

Cancellaria  crawfordiana    Oall   var.  l 

fugle ri  Arnold  ( PL  X X 1,  flg.  0) . . . . .' 

Cardium  meekianiini  Gabb 

Cardium  sp.  indet [ 

Chione  sp. 


Chiorostoma  (?j  sp '. 

Chrysodonius  sp L 

Clldiophora  punctata  Carx>enter  (PL  | 

XXIII.flgs.  2,  3f 1. 

Crepidulaprinci^pfl Conrad  (PL  XXIV', i 

flga.  1,  2) 

Cmcibulum  spinosuin  Sowcrby I . 

CrjTtomvaovaH 9 Conrad  (PL  XXII,  I 

fig.  7).: 

Cumingia    califomica    Conrad     (PL 

XXIII,  fig.  5)..- |. 

Dosinia  ponderosa  Gray  (PL  XXII,  , 

fig- 8) •••• -----,. 

DrilHa  graciosana  Arnold  (PL  XXI,  I 

fig.  I8l 

Drillia  johnaoni   Arnold    (PL   XXI, 

fig.  I'i) . 
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Xl-.l 

,.-1  x' 


...   X' 

XX! 


:^SS  Is 


i  i  < 


DriTUa  waldorfcnsis  Arnold  (PL  XXI,  1 

fig- 12) 

Echinarachnius  ashlevi  Merriam  (PL  ■ 

XXIV.  figs.  6,  7)...' ;  X 

Echinarachnius  cf.  excentrirus  Esch- 

scholtz  var.  (PL  XXIV,  fig.  8> ... 

Fu8u.s  sp.  a 

Fusus  sp.  b I . . . 

Galerus  inornatus  Gabb 

Glycymeris  cL  barbarensis  Conrad . .  .1. .. 

KcnncrHa  ( ? »  sp 

Leda orcutti  Arnold  (PL  XXI I, fig. 9).,... 
Ledataphria  Ball  (PL  XXII,  figs- 3a,  | 

3b)... ... 

Lucapina  cf.  ere nu lata  Sowerby ! . . . 

Lunatia lewisii  Gould  (PL  XXl^,fig.3)  l... 
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Fernando  {upper  Mwcene-Pliocene-Pleistocene)  fosnls  from  the  Santa  Maria  district, 

California — Continued . 
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L^TnniPa    alamosensis    Arnold    (PI. 
XXI,  figs.  6,  71  a 

1  1 

Macoraa  nasuta  Conrad  (PI.  XXII, 
fig.  5> 

X 

... 

X 
X 

xL.'xl.....  X 

\     '.     \     ■ 

X 

Macoma  sp 

Macoma  CI,  sec ta  Conrad         '     -' 

X 

f       1       '              I 

1 

Mactra  sp . .  - 

X     Y  L    _  -_.    X 

—'...'...I... 

Miopletona  oregonensia  Datl 

!.   . 

X 
X 

Y 

"  III  ' 

'         ( 

Modiolus  rwttis  Conrad 

::::::l::: 

X    ^ 

1       1 

Y 

j---,..- 

Monia  inacroachisnia  Deshayes     . 

.  ■   1- 

X 

1       • 

I 

Muricidoa  sp 

j   i 

I     1     1     1 

Mva  truncata  Linn4 

X 

1 

1 

...1... 

MytiluB  sp.  indet 

Y 

::::::;:;::: 

1 

...1... 

Nassacahlomiana Conrad  (PI.  XXIV, 
fig.  4) 

x;... 

1 

X 
X 

X 
V 

XX    X 

X 

X 

i 

!  1 

Y 

1 

Nawa  waldorfpnsis  Arnold  (PI.  XXI, 
fig.  17) 

1 

1 

i 

Natica  claiisa  Brodcrip  and  Sowerby 
(PL  XXI,  flg.  16) 

1 

V 

Y 

1 

■'   i   1   !   '   1 

Neverita  iwludana  Petit  (PI.  XXI, 
figs.  14a,  14h,  15) 

X  '  v 

X 

.  1  1  1  M  1 

Ocinebni  lurida  Middfndorf 

... ... ...... 

X 

—  ■' , 1 

Ocinebra  micheli  Ford  var.  waldorf- 
^nsls  Arnold  fPl.  XXI,  fig.  10) 

' 

X 

1  i 

1  1  1  :  ■  1 

OliV6lIa  biplicata  Sowprby 

1 

X        '  "^ 

1 

Oil vella  cf.  intorta  CarpenttT .....]. 

' 

>^ 

i 

Opalia  aiiomala  Stearns              .           ' 

X 
X 

X 

X 
X 

X 

■"1 

...1... 

1 

Opalia  varicostata  Steams                    i 

(     1 

1 

Ostrea  veatchii   Gabb   (PI.   XX ill, 
fig.  10) 

1 

1 

Ostrea  possibly  veatchii  Gabb 

X 

1 

...... 

Panorava  cf.  ampla  Dall 

X 
X 

X 

...'...1... 

.    ^..  1 

Panopea  generosa  Gould 

x,..x 

X 

f 

■■'^■■'  ■■-,---. ---y-- 

Pecten   (Plagloctcnitim)   near  cerro- 
^nsis  Gabb 

i 

1 

1 

Pecten    (Patinopccten)    healeyi    Ar- 
nold (PI.  XXVI,  figs.  1,  2)                   1 

' 

X 
X 
X 

' 

...!x  ... 

1     ' 

Pect«n  (Pecten)  hemphiUi  Dali  (PI- 
XXV,  fig,  51 

1  1 

1     . 

'     1 

Pectin  (Chlamys)  lawsoni  Arnold  (PI. 
XXV,  flg.  3)..    . 

X    X 

X 

1      1:      1      !      1      ' 

1 

1 

Pecten  (Patinopecteni  oweni  Arnold 
(PI.  XXV.  figs.  2a,  2b) 

' 

i  i 

X 

'     , 

! 

X  ... 

Pecten   (Pecten)   steamsii  i)ali   (PI. 
XXV,  figs,  la,  lb). 

X 
X 

1      1 

1      ! 

! 

Pecten  (Chlamye)  wattsi  Arnold  (PI. 
XXV,  fig.  4):.... 

*  '>          i 

i      \ 

'  i  ' 

1 

Phacoides     anniilatus     Reeve     (PL 
XXIII,  fig.  8) 

XX    V    y 

! 

1 

xL.i 

Phacoides  intensus  Dall  (PL  XXIII. 
figs-  9a.  9b) 

X    X 

1 

1 

Ptiacoides  nuttallii  Conrad  var.  ante- 
CfHiens  Arnold  (PI.  XXII.  fig.  6k..  . 

Pholadidea     ovoidea     Conrad     (PL 
XXII.  figs,  la,  Ibi 

X 

X 

Y 

...    X 

i 

'; 

X    X  ... 

X 

1 

1       ' 

Pholadidea  (?)  sp.  indet 

.1      .'      . 

X  ... 

Plstyodon  cancellatus  Conrad  var   . 

1 

X 

'  *      '1 

t       t 

FteUTotoma  ( Borsonia)  sp.  a '     - 

...1. ..    X 

...■_..!. .J... 

1       1 

Plearotoma  sp.  b 

X 

1 

1       1 

Priene  or^onensis  Redfleld  var.  an- 
getenais  Arnold  (7) 

X 

! 

1 

Priene  oregonensis  RedfieJd  (Young) 
( PL  XXI.  flg.  2) . . 

X 

1 

' 

1     1 

Purpura    crispata     Chemnitz     (PL 
XXII,  fig.  2). 

1 

X 
X 

! 

1       1 

1 

Saxldomus  gracilis  Gould 

:::::v;:!::: 

... ...  ..    .I    -    -^-   1 

Saxidomus  (?)  »p.  a 

..j  .1.    . 

X      .....     .  ...i...i... 

Scala  sp.  a 

Y 

.::.::i:::i.:: 

Sigaretus  debilis  Gould , . . . 

X 
X 

'-  -!    .' 

SiUquacf.  edentula  Gabb '. .. 

'*■'     1     1'"' 

1            1 

Solen  cf-  sicarius  Gould ...... 

— 

Xi  X 

X    X 

1 

1                       III 

Spisalacatilliformis  Conrad  var,  alca-  1 

trazensis  Arnold  (PL  XXII I.  fig.  6) .  . . . 
Spisula      ^i^n^^^^J^<^<*      \rno!.i      (V\.  ^ 

xxr:                                         .1... 

X 

X 

i i.J...'J... 

i  , 

a  FrMh-water  beds  in  the  Fernando  formation,  1  mile  southeast  of  bench  mark  425,  Los  Alamos 
Valley. 
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Fernando  (upper  Miocene-Pliocene-Pleistocene)  fossils  from  the  Santa  Maria  district, 

California — Continued . 
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4469.  One  hundred  yards  northeast  of  California  Coast  oil  well  No.  3, 1  mile  east  of  Divide,  and  3  miles 
southeast  of  Orcutt. 

4471.  Alcatraz  asphalt  mine,  3  miles  east  of  Sisquoc. 

4472.  Pennsylvania  asphalt  mine,  3^  miles  southeast  of  Orcutt. 

4473.  Waldorf  asphalt  mine,  3  miles  south-southeast  of  Guadalupe. 

4474.  Railroad  cut  1  mile  north  of  Schumann  station. 

4475.  Fugler  Point  asphalt  mine,  1  mile  north-northeast  of  Gary,  at  head  of  Santa  Maria  Valley. 

4476.  Asphaltum  layer  above  Monterey  shale,  near  Folsom  well  No.  3,  Santa  Maria  oil  field.  3  miles 
southeast  of  Orcutt. 

4477.  Near  Folsom  well  No.  4,  Santa  Maria  oil  field,  2J  miles  southeast  of  Orcutt. 

4481.  Five  miles  N.  30°  E.  of  Lompoc  Ixjnch  mark  95,  in  prominent  sandstone  beds  around  Purisma 
oil  wells. 

4485.  One-half  mile  south  of  Sisquoc. 

4486.  Echinarachnius  ashleyi  horizon,  immediately  west  of  Santa  Maria  Oil  and  Gas  Company's  well 
No.  4,  2  miles  southeast  of  Orcutt. 

4487.  Immediately  east  of  head  of  Howard  Canyon,  4  miles  north-northeast  of  Los  Alamos.    Echi- 
narachnifis  ashleyi  horizon. 

4488.  On  ridge  south  of  road  about  2i  miles  northwest  of  Blake. 

4489.  Southeast  side  of  La  Zaca  Creek,  where  it  empties  from  steep  canyon;  at  base  of  asphalt  sand- 
stone In  shale,  8  miles  north  of  Los  Ollvos. 

4490.  Four  miles  east-northeast  of  Loa  Alamos,  on  Cuaslui  Creek. 

4491.  Gully  2J  miles  west-northwest  of  Blake. 

4492.  One  and  three-fourths  miles  S.  5°  W.  of  lx?nch  mark  425  of  Los  Alamos  Valley,  one-half  mile 
northwest  of  sink  on  top  of  ridge. 

4506.  One  mile  southeast  of  summit  of  Redrock  Mountain,  along  ridge,  near  1,700-foot  knob. 
4523.  One  mile  due  south  of  Sisquoc,  in  ravine. 

QUATERNARY. 
OENXRAL  STATEKEKT. 

Three  distinct  classes  of  Quaternary  deposits  younger  than  the  latest 
Fernando  can  be  differentiated  in  this  region,  although  it  is  difficult 
to  distinguish  between  them  areally.  They  are  terrace  deposits,  dune 
sand,  and  alluvium,  each  one  of  which  as  mapped  may  possibly  rep- 
resent more  than  one  period  of  deposition.  They  are  deposits  of 
comparatively  little  thickness  laid  down  unconformably  upon  the 
older  formations  subsequent  to  the  greater  part  of  the  distiu'bance 
and  deformation  that  has  affected  the  region. 

TERRACE  DEPOSITS. 
GENERAL  DESCRIPTION. 

Terraces  are  common  in  this  region  and  are  among  the  most  promi- 
nent topographic  features.    They  are  fairly  even  surfaces,  invariably 
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inclined  slightly  toward  the  ocean  or  the  line  of  drainage,  and  ranging 
in  size  from  tens  of  square  miles  to  only  a  few  feet  square.  The  more 
extended  terraces  fringe  the  coast  line  and  the  larger  valleys  and 
cover  areas  of  low  hills.  The  smaller  ones  are  scattered  over  ridges 
and  hilltops  and  along  the  smaller  valleys.  These  terraces  are  cov- 
ered with  a  thin  coating  of  sand  and  gravel,  and  here  and  there  with 
clayey  material.  The  distribution  of  the  deposits  is  well  shown  on 
the  map,  with  two  general  exceptions.  In  the  first  place,  many  of 
the  strips  of  land  along  valleys  mapped  as  covered  with  terrace 
deposits  may  not  represent  true  terraces,  as  it  is  almost  impossible 
to  draw  definite  distinctions  between  such  horizontally  bedded  val- 
ley fillings,  true  terrace  cappings,  and  recent  alluvium.  All  post- 
Fernando  deposits  in  small  valleys  are  therefore  mapped  with  the 
terrace  formation,  and  alluvium  is  shown  only  in  the  extended  valley 
bottoms,  w^here  dividing  lines  between  it  and  the  terrace  deposits  are 
drawn  arbitrarily.  In  the  second  place,  owing  to  the  lithologic  simi- 
larity of  the  Fernando  and  the  terrace-deposit  sand  and  the  similar 
surface  appearance  of  these  two  formations,  the  attempt  has  been 
made  to  represent  on  the  map  only  a  few  areas  of  the  terrace  sand 
overlying  the  Fernando.  The  Fernando  is  doubtless  capped  by  ter- 
race deposits  in  many  places,  but  it  is  usually  impossible  to  tell 
whether  this  is  true  or  not.  The  lines  of  contact  between  these  for- 
mations are  of  necessity  arbitrarily  shown. 

This  similarity  causes  much  difficulty  in  places  in  determinmg 
whether  the  deposits  belong  to  the  Fernando  or  to  the  later  epoch, 
and  whether  it  is  necessary  to  go  through  a  great  thickness  of  Fer- 
nando beds  or  only  a  few  feet  to  reach  the  Monterey  below.  Where 
fossils,  distinct  lines  of  bedding,  or  tilted  strata  are  present  they  are 
indications  that  the  sand  belongs  to  the  Fernando. 

The  terraces  are  found  commonly  at  all  altitudes  up  to  1,200  leet, 
and  a  few  even  as  high  as  1 ,400  feet.  None  have  been  definitely  rec- 
ognized at  a  higher  elevation. 

LITHOLOGIC   CHARACTER. 

The  material  of  the  terrace  deposits  is  usually  sand  and  conglomer- 
ate, for  the  most  part  the  former.  The  sand  is  medium  grained  and 
contains  scattering  waterwom  pebbles.  It  is  normally  soft  and 
grayish,  but  in  many  places  compact,  being  stained  a  reddish  yellow 
and  hardened  by  iron  oxide  or  filled  with  iron-stained  concretions. 
In  this  surficially  compacted  state  it  forms  hard  cappings  on  hilltops 
and  slopes.  Round,  bullet-like,  iron-hardened  concretions  are  char- 
acteristic of  the  derived  soil.  Over  much  of  the  surface  of  Biu-ton 
Mesa  and  in  other  places  this  deposit  occurs  as  loose,  grayish  sand, 
hardened  locally  by  the  action  of  rain  water  and  various  salts  or 
oxide  of  iron.  The  conglomerate — or  gravel,  as  it  might  equally  well 
1784— Bull.  322-07 5 


Digitized  by  VjOOQIC 


62  SANTA   MARIA   OIL   DISTRICT,   CALIFORNIA. 

be  called — is  composed  of  bowlders,  pebbles,  and  fragments  of  Mon- 
terey flint  and  shale,  besides  pebbles  of  other  rocks  in  smaller  quan- 
tity. Some  of  the  pebbles  are  very  much  waterwom,  but  in  places 
the  number  of  unworn  fragments  of  shale  almost  necessitates  the  use 
of  the  word  *' breccia ''  in  describing  the  deposits.  Evidence  of  bed- 
ding is  rarely  prominent  in  the  typical  terrace  deposits,  but  they 
invariably  appear  to  lie  horizontal,  seeming  to  have  been  Uttle  dis- 
turbed by  the  uplift  of  the  land  that  brought  them  to  their  present 
elevation. 

No  fossils  have  been  found  in  these  deposits,  but  they  contain 
numerous  pholas-bored  pebbles  of  Monterey  shale,  and  in  places,  as 
on  Burton  Mesa,  the  Monterey  shale  itself,  upon  which  the  deposits 
lie,  has  been  bored  by  these  marine  mollusks. 

Many  of  the  cappings  formed  parallel  with  the  surface  through 
hardening  by  iroii  oxide  have  the  appearance  of  being  beds  with 
appreciable  dip,  and  are  therefore  misleading.  The  thickness  of  the 
coating  of  Burton  Mesa  is  25  or  30  feet  and  the  cover  of  the  typical 
terrace  in  other  parts  of  the  region  has  about  the  same  thickness. 
Whether  it  attains  a  much  greater  development  than  this  at  any 
place  is  hard  to  tell.  These  shallow  coverings  hide  considerable  areas 
of  the  Monterey  and  obscure  its  structure,  but  most  of  the  canyons 
that  cut  into  the  terraces  reveal  the  presence  of  the  oil-bearing  for- 
mation beneath.  The  thickness  of  the  coatings  is  not  sufficient  to 
make  a  serious  difference  in  the  depth  to  which  it  is  necessary  to 
drill  for  oil.  The  deposits  are  economically  of  importance  as  reser- 
voirs for  the  oil  escaping  from  the  Monterey  shale,  and  thus  they 
give  rise  to  accumulations  of  asphalt.  It  is  usually  impossible  to 
tell  whether  the  sand  that  helps  to  form  the  asphalt  is  a  terrace 
deposit  or  belongs  to  the  Fernando.  The  terrace  sand  can  not  form 
as  deep  asphalt  deposits  as  those  due  to  the  Fernando  sand. 

In  some  of  the  valley  fillings  above  mentioned,  as  for  instance  along 
Salsipuedes  Creek,  and  at  the  west  edge  of  the  Santa  Maria  Valley 
between  Guadalupe  Lake  and  the  Casmalia  Hills,  there  occur  hori- 
zontally bedded  deposits  of  clay,  sand,  and  gravel  differing  in  ap- 
pearance from  the  terrace  deposits  and  possibly  differing  in  age  and 
origin.  A  good  example  of  an  old  valley  filling  which  now  forms  the 
summit  of  a  hill  is  shown  in  PI.  IV,  B  (p.  36).  It  consists  of  a  sandy 
and  earthy  material  through  which  rock  fragments  and  pebbles  are 
scattered.  It  illustrates  the  usual  unconformity  of  the  post-Fernando 
deposits  with  the  older  formations.  The  low  hills  in  the  region  of 
Santa  Ynez  are  formed  largely  of  horizontal  beds  of  fine  gravel 
unlike  the  Pleistocene  deposits  found  elsewhere.  These  exhibit  in 
one  place  an  appearance  of  being  tilted,  though  this  may  be  due  to 
cross-bedding. 
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ORIGIN. 

Most  of  the  terrace  deposits  are  probably  of  marine  origin.  This 
is  proved  in  the  case  of  the  most  typical  deposits  by  the  presence  of 
the  pholas  borings  already  mentioned.  The  deposition  was  carried 
on  in  shallow  water  and  much  of  the  material  was  derived  on  the 
spot  from  the  wearing  away  of  the  shore  line  of  Monterey  shale,  the 
fragments  of  which  were  not  always  subjected  to  much  polishing 
before  being  deposited  and  protected  from  agencies  of  erosion. 
These  deposits  give  undeniable  evidence  of  a  great  uplift  of  the 
coast  during  Pleistocene  time.  It  seems  most  probable  that  the 
terraced  surfaces  resulted  from  marine  planation  along  gradually 
rising  shore  lines  and  that  the  formation  covering  them  represents 
the  beach  and  shore  deposits.  The  rise  of  the  land  was  probably  too 
rapid  and  the  amount  of  sediment  too  small  to  allow  much  off-shore 
extension  of  the  deposition.  The  material  that  may  have  been 
deposited  m  the  deeper  places  determined  by  the  depressions  in  the 
topography  has  since  probably  been  largely  removed  by  erosion. 
The  terrace  deposits  themselves  have  been  extensively  eroded  and 
in  many  places  are  left  as  mere  renmants.  Some  of  them  have  no 
doubt  been  subsequently  added  to  by  wind-blown  sand. 

It  is  probable  that  some  of  the  terraces  and  horizontal  Pleistocene 
deposits  along  valleys  have  been  formed  by  streams.  Most  of  the 
valley  fillings  were  probably  laid  down  in  this  way.  At  the  mouths 
of  some  canyons,  as  along  the  western  side  of  Graciosa  Canyon, 
Pleistocene  deposits  have  been  built  up  in  the  shape  of  detrital  fans, 
which  have  since  been  carved  into  flat-topped,  steep-sided  blocks  by 
recent  streams. 

DUKE  SANS. 

The  prevailing  northwesterly  wind  from  the  ocean  has  amassed 
great  deposits  of  sand  in  places  along  the  coast.  The  process  has 
probably  been  going  on  all  through  the  Quaternary  period  and  it  is 
hard  to  distinguish  the  older  of  the  eolian  deposits  from  those  partially 
or  entirely  of  marine  deposition.  The  line  of  contact  of  these  forma- 
tions as  mapped  is  arbitrary. 

The  greatest  mass  of  dune  sand  occurs  at  the  northwest  end  of  the 
Casmalia  Hills,  where  the  gradual  slope  down  to  the  sea  from  an  eleva- 
tion of  about  1,200  feet  is  covered  by  loose,  yellow  sand  of  probable 
eolian  origin.  This  drifts  about  incessantly  and  is  probably  still  in 
the  process  of  collecting,  being  supplied  from  the  long,  low,  open 
shore  to  the  north  and  held  in  check  by  the  bulwark  of  the  Casmalia 
Hills  on  the  south.  This  deposit  has  a  thickness  of  several  hundred 
feet.  At  its  base  along  the  coast  is  exposed  a  basal  layer  of  large 
bowlders  and  horizontally  stratified  sand.     The  original  slope  of  the 
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hills  was  probably  at  least  partly  covered  during  the  uplift  of  the 
coast  by  marine  terrace  deposits  similar  to  those  found  elsewhere  in 
the  region,  these  being  later  buried  by  the  gathering  wind-blown 
sand.  Recent  marine  shells  are  widely  scattered  over  the  surface 
of  this  sand,  but  are  not  considered  by  the  writers  as  indicating  its 
marine  origin.  They  were  probably  carried  there  by  Indians  or 
birds. 

South  of  the  Casmalia  Hills,  where  the  coast  is  open  to  the 
winds,  sand  dunes  are  continually  forming  and  covering  up  the  ter- 
race deposits.  The  sand  is  not  retarded  by  an  inland  barrier,  how- 
ever, as  on  the  north  of  the  hills,  and  no  such  vast  deposit  has  been 
formed.  The  sand  is  continually  being  carried  into  the  interior 
valleys  and  spread  thinly  over  a  wide  area. 

ALLUVIUM. 

All  the  valleys  of  this  region  contain  a  certain  amount  of  alluvial 
material  and  stream  gravels,  which  reach  in  many  localities  a  thick- 
ness of  50  feet  or  more.  In  some  places  the  deposit  is  earthy,  in 
others  sandy  earth,  and  in  still  others  pure  sand,  gravel,  or  clay. 
It  is  as  a  rule  horizontally  stratified.  Recent  deposits  of  this  charac- 
ter attain  considerable  extent  in  the  wide  valleys,  but  it  is  not  easy 
to  distinguish  them  from  Quaternary  deposits  of  different  age  or  of 
somewhat  different  origin.  They  are  mapped  as  distinct  only  in  the 
larger  valleys  and  the  contact  lines  are  arbitrary.  Practically  all 
the  hills  and  valleys  within  the  territory  mapped  have  a  covering 
of  soil. 

IGNEOUS  ROCKS. 
GENERAL    STATEMENT.  * 

The  formations  in  this  region  are  chiefly  of  sedimentary  origin, 
but  eruptive  and  intrusive  igneous  rocks  of  various  ages  appear. 
These  are  all  basic  in  composition.  Layers  of  volcanic  ash  high  in 
silica  interbedded  with  the  Monterey  are  discussed  with  the  sedi- 
mentary series  (p.  37).  The  center  for  igneous  rocks  is  in  the  region 
around  Point  Sal  of  which  Fairbanks  made  a  special  study,  and 
the  statements  here  made  in  regard  to  the  igneous  rocks  of  that  region 
are  based  largely  on  his  description.® 

IGNEOUS  ROCKS  OF  PRE-MONTEREY  AGE. 

Fairbanks  describes  a  small  intrusion  of  basalt  having  a  laccolithic 
appearance  in  the  Knoxville  (lower  Cretaceous)  shales  north  of 
Mount  Lospe,  in  the  Casmalia  Hills,  and  a  large  neighboring  area 
of  spheroidal  basalt  that  he  is  certain  is  older  than  the  Monterey 

1  Fairbanks,  H.  W.,  The  geology  of  Point  Sal:  Bull.  Dept.  Geology,  Univ.  California,  vol.  3,  1896, 
t>D.  1-92, 


Digitized  by  VjOOQIC 


GEOLOGY.  65 

and  believes  to  antedate  the  Knoxville.  It  is  closely  associated  and 
intermingled  with  bodies  of  diabase  and  gabbro.  This  complex 
forms  Point  Sal  Ridge  and  the  rocky  headland  of  Point  Sal.  Another 
complex  that  he  believes  belongs  in  the  Knoxville  forms  a  long  dike 
north  of  Schumann  Canyon.  It  is  an  exceedingly  complicated  intru- 
sive mass  of  gabbro  and  peridotite  that  has  been  penetrated  by  later 
dikes  of  diabase,  norite,  gabbro,  and  intermediate  types  of  rock. 

The  areas  mapped  as  Franciscan  (Jurassic)  are  largely  occupied  by 
serpentine  that  was  originally  intruded  in  Franciscan  strata.  This 
serpentine  may  be  older  than  the  Knoxville,  and  the  last-mentioned 
occurrence  of  gabbro  and  peridotite  may  be  contemporaneous  with  it. 

Diabase  was  struck  at  a  depth  of  1,300  feet  in  the  Pezzoni  well 
No.  1,  southwest  of  Sisquoc.  It  is  a  considerably  altered  rock  com- 
posed largely  of  serpentine  and  plagioclase  feldspar,  with  some  augite, 
possibly  a  small  amount  of  unaltered  olivine,  considerable  magnetite, 
and  several  accessory  minerals.  This  occurrence  is  of  considerable 
importance  as  affecting  the  prospects  for  the  production  of  oil  in 
this  neighborhood.  The  question  arises  whether  this  diabase  has 
intruded  the  Monterey,  as  in  the  San  Rafael  Mountains,  or  whether 
it  is  a  part  of  the  older  igneous  formations,  in  which  diabase  is 
common.  The  fact  that  the  rock  is  so  much  altered  probably  indi- 
cates that  it  belongs  to  a  formerly  exposed  older  formation  upon 
which  a  fairly  high  portion  of  the  Monterey  shale  series  has  over- 
lapped* It  is  hardly  conceivable  that  an  intrusion  at  such  a  depth 
in  the  shale  could  have  undergone  so  much  alteration.  In  either 
case,  whether  this  diabase  marks  the  base  of  the  Monterey  or  whether 
the  shales  have  been  intruded  by  an  igneous  mass,  the  conditions  are 
unfavorable  for  the  discovery  of  oil  in  the  immediate  vicinity. 

IGNEOUS    ROCKS    INTRUDING   THE   MONTEREY. 

The  youngest  igneous  rocks  occurring  in  the  Santa  Maria  quad- 
rangle and  those  of  chief  interest  in  the  present  connection  are  intru- 
sive in  the  Monterey  (middle  Miocene).  Such  are  five  small  areas  of 
diabase  mapped  by  Fairbanks  south  of  Point  Sal  and  two  areas  of 
diabase  in  the  San  Rafael  Mountains.  The  age  of  the  two  latter  is 
somewhat  in  doubt,  but  the  metamorphic  and  disturbed  appearance 
of  the  Monterey  shale  in  their  vicinity  indicates  that  they  originated 
as  dikes  intruding  the  Monterey.  The  shale  appears  hardened  and 
baked  in  the  immediate  neighborhood  and  narrow  tongues  of  Mon- 
terey shale,  certainly  altered  along  the  contact,  extend  into  the  mass 
on  Tepusquet  Creek.  Along  its  edges  appear  patches  of  Aucella- 
bearing  sandstone  belonging  to  the  Knoxville,  which  were  probably 
brought  up  from  below  by  the  intrusion.  The  diabase  in  both  areas 
is  of  dark-green  color  and  coarse  texture  and  exhibits  sheared  ser- 
pentinous  facies. 
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Another  intrusion  of  probable  post-Monterey  age  forms  a  single 
outcrop  in  the  hills  7  miles  northeast  of  Point  Conception.  It  is  a 
dike  of  basic  porphyry  related  to  basalt.  On  one  side  of  the  outcrop 
the  bases  of  horizontally  lying  rough  pentagonal  columns  are  well 
exposed.  It  is  not  known  whether  the  sedimentary  rocks  through 
which  this  is  intruded  belong  to  the  Monterey  or  the  upper  part  of  the 
Vaqueros. 

GEOLOGIC  HI8TORT. 

EARLIEST  PERIODS. 

The  general  geologic  aspect  of  the  Santa  Maria  district  is  that  of  a 
region  of  comparatively  recent  geologic  formations.  Tertiary  rocks, 
in  places  covered  by  Pleistocene  deposits,  are  predominant,  those 
of  Cretaceous  and  Jurassic  age  less  widespread,  and  older  formations 
entirely  absent.  The  Tertiarj^  has  received  almost  all  the  attention 
in  the  present  study  and  little  can  be  said  of  the  history  of  the  region 
previous  to  that  period.  The  much-disturbed  and  metamorphosed 
Jurassic  sediments  (Franciscan),  intruded  by  serpentine,  form  the 
basement  of  the  whole  region,  but  outcrop  only  very  locally.  In  Cre- 
taceous time  a  considerable  thickness  of  marine  sediments  was  laid 
down,  but  these  deposits  were  probably  not  greatly  disturbed  before 
the  beginning  of  deposition  in  the  Tertiar3^  To  the  present  time  they 
have  remained  unmetamorphosed  and  no  more  affected  by  moun- 
tain-making forces  than  later  formations.  Igneous  intnisions,  how- 
ever, took  place  at  different  times  in  the  Cretaceous. 

EOCENE  PERIOD. 

All  the  greater  divisions  of  the  Tertiary,  with  the  possible  excep- 
tion of  the  Oligocene,  are  represented  by  marine  sediments,  the 
major  part  of  this  time  having  been  taken  up  by  sedimentation. 
The  relations  between  the  Cretaceous  and  Eocene  rocks  have  not 
been  studied.  Sedimentation  began  at  some  time  in  the  Eocene 
not  yet  determined,  in  the  southern  portion  of  the  region  mapped, 
and  continued  nearly  to  the  end  of  the  Eocene,  when  it  ceased  for  a 
period  of  unknown  length.  It  was  probably  in  the  period  just  pre- 
ceding that  of  the  deposition  of  the  Eocene  sediments  that  the  forces 
began  to  work  which  caused  the  structural  features  south  of  the 
region  where  the  San  Rafael  Mountains  now  stand  to  assume  an  east- 
west  trend'.  In  this  way  may  have  been  formed  the  depression 
extending  east  and  west  across  the  region  now  occupied  by  the 
Coast  Ranges,  which  afforded  a  basin  of  deposition  for  the  Eocene 
and  possibly  a  connection  between  the  ocean  and  the  basins  in  which 
strata  of  the  same  age  were  deposited  in  the  interior.  A  large  part 
of  the  Santa  Ynez  Mountains  is  composed  of  Eocene  strata  which 
have  been  lifted  up  along  east-west  lines  of  structure.     The  main 
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uplift  did  not  occur  at  the  close  of  Eocene  time,  but  it  is  probable 
that  orogenic  movements  did  bring  to  a  close  the  period  during 
which  the  Eocene  sediments  were  laid  down  by  raising  the  strata 
slightly  above  the  sea  and  preventing  for  a  time  further  deposition. 
How  long  this  time  was  is  not  known,  but  it  corresponds  approxi- 
mately with  the  OUgocene. 

LOWER  MIOCENE  PERIOD. 

The  movements  immediately  following  the  deposition  of  the 
Eocene  caused  no  appreciable  disturbance  in  the  Eocene  strata,  and 
when  sedimentation  recommenced  over  the  same  area  in  lower 
Miocene  time  neither  the  old  nor  the  new  strata  preserved  any  posi- 
tive evidence  in  their  relative  position  that  a  time  break  had  occurred. 
The  great  masses  of  coarse  conglomerate  forming  the  base  of  the 
lower  Miocene  portion  of  the  group  record  a  change  to  conditions 
of  very  shallow  water,  and  the  abrupt  change  of  faunas  indicates 
that  a'  long  time  interval  separated  their  deposition  from  that  of  the 
subjacent  Eocene.  It  is  most  probable,  however,  that  the  post- 
Eocene  movements,  which  were  gentle,  were  also  somewhat  local, 
and  that  in  portions  of  the  Santa  Ynez  Mountains  to  the  east  of  the 
region  under  discussion  sedimentation  was  more  nearly  continuous. 
At  about  the  close  of  the  Oligocene  period  the  Eocene  basin  was 
again  depressed;  deposition  of  sediments,  almost  entirely  of  detrital 
origin  and  very  similar  to  those  previously  laid  down,  ensued  in  a 
widening  area  covered  by  the  sea;  and  subsidence  of  the  land  gradu- 
ally continued.  The  Vaqueros  formation,  which  resulted  from  this 
period  of  depression,  represents  the  greater  part  of  lower  Miocene 
time. 

MIDDLE  MIOCENE  PERIOD. 

The  middle  Miocene  (Monterey)  shale  formation  is  one  of  striking 
individuaUty,  and  conditions  of  unusual  character  prevailed  during 
its  period  of  deposition.  At  the  beginning  of  middle  Miocene  time 
the  land  sank  over  a  large  part  of  the  region  of  California  now  occu- 
pied by  the  Coast  Ranges  and  fairly  deep  water  conditions  became 
prevalent.  The  wearing  away  of  extended  land  areas  ceased  as  they 
became  submerged,  and  the  material  for  the  formation  of  coarse 
detrital  deposits  was  no  longer  plentiful.  Two  varieties  of  deposits, 
which  were  largely  of  organic  origin,  were  the  chief  ones  to  be  formed 
during  the  long  period  that  followed.  These  were  the  laminated 
Umestones  and  the  much  more  abundant  siliceous  shales.  Silt  of 
extremely  fine  grain,  both  of  siliceous  and  argillaceous  nature,  was 
swept  into  the  sea  waters,  probably  from  considerable  distances,  and 
settled  down  to  form  a  considerable  proportion  of  the  deposits;  but 
sand  and  other  coarse  detritus  found  their  way  only  at  rare  intervals 
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to  the  main  portions  of  the  quiet  sea  bottom  which  was  formerly 
the  surface  of  the  land  and  which  had  been  given  a  comparatively  low 
relief  by  the  long  period  of  erosion  that  preceded  the  submergence. 

During  the  period  of  transition  between  the  Vaqueros  and  the  Mon- 
terey, limestone  was  formed  chiefly,  but  somewhat  inclosed  basins 
where  deposits  of  alkaline  mud  were  laid  down  apparently  existed  in 
places.  Such  a  basin  is  indicated  by  the  alkalinogypsiferous  clays  on 
the  south  side  of  the  Casmaha  Hills,  probably  representing  upper 
Vaqueros.  In  some  places,  as,  for  instance,  in  the  San  Rafael  Moun- 
tains, sandstone  beds  were  formed  early  in  Monterey  time,  probably  in 
the  neighborhood  of  locally  unsubmerged  areas.  But  later  very  little 
sand  was  deposited  anywhere.  Further  submergence  no  doubt  took 
place  during  the  period,  removing  the  sources  of  this  sand  and 
allowing  to  be  deposited  under  fairly  constant  conditions  a  thickness 
of  beds  greater  than  a  mile.  It  is  not  probable,  however,  that  the 
depth  of  the  sea  was  at  any  time  as  much  as  this,  being  more  likely 
closer  to  half  a  mile. 

During  the  early  part  of  Monterey  time  conditions  were  variable, 
calcareous  and  siliceous  deposits  alternating,  probably  as  a  result  of 
alternating  temporary  predominance  in  the  sea  of  organisms  with 
calcareous  or  siliceous  shells.  As  the  period  progressed  the  siliceous 
organisms  became  more  predominant  and  remained  so,  making  up  a 
large  fraction  of  the  total  bulk  of  the  Monterey  formation.  It  was 
an  age  of  diatoms.  These  small  marine  plants  lived  in  extreme 
abundance  in  the  sea  and  fell  in  showers  with  their  siliceous  tests 
to  add  to  the  accumulating  ooze  of  the  ocean  bottom,  just  as  they  are 
forming  ooze  at  the  present  day  in  some  oceanic  waters.  It  is  well 
known  that  diatoms  multiply  with  extreme  rapidity.  It  has  been 
calculated  that  starting  with  a  single  individual  the  offspring  may 
number  1,000,000  within  a  month.  One  can  conceive  that  under 
very  favorable  life  conditions,  such  as  must  have  existed,  the  diatom 
frustules  may  have  accumulated  rapidly  at  the  sea  bottom  and  aided 
the  fine  siliceous  and  argillaceous  sediments  in  the  quick  building 
up  of  the  thick  deposits  of  middle  Miocene  time.  A  principal  obstacle 
to  the  rapid  accumulation  of  the  diatoms  might  be  the  limited  supply 
of  silica  from  which  these  alg8B  derive  the  material  of  their  tests. 
Other  organisms  with  their  shells  and  skeletons  were  also  present 
to  aid  in  building  up  the  shale  beds.  They  were  Radiolaria  and 
Foraminifera;  sponges  with  their  spicules,  which  were  abundant; 
Crustacea;  fishes,  the  remains  of  which  are  numerous  in  the  shales; 
and  mollusks  with  delicate  shells,  which  are  common,  though  poorly 
preserved. 

Volcanic  eruptions,  possibly  submarine,  broke  out  at  different 
times  during  the  latter  part  of  the  lower  Miocene  (Vaqueros)  and 
the  early  part  of  the  middle  Miocene  (Monterey.)  They  may  have 
^■anpanied   movements   that    took   place   during   the   transition 
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period.  Acidic  volcanic  ash  of  a  rhyolitic  type  was  ejected,  and  it 
settled  in  the  ocean  to  form  regular  beds  of  considerable  thickness 
and  extent  interstratified  with  the  other  sediments.  The  occur- 
rence of  ash  interbedded  with  diatomaceous  earth  that  probably 
belongs  fairly^  high  in  the  Monterey  formation  indicates  that  these 
eruptions  did  not  cease  in  the  early  part  of  middle  Miocene  time. 
Neither  the  centers  of  eruptions  nor  any  lava  equivalents  of  the  ash 
have  been  found  in  the  field.  Similar  eruptions  were  characteristic 
of  the  lower  and  middle  Miocene  for  long  distances  north  and  south 
of  this  region. 

LATE   TERTIARY  AND  EARLY  QUATERNARY  PERIOD. 

The  Monterey  period  of  deposition  was  brought  to  a  close  by 
orogenic  movements  which  folded  the  shales  and  lifted  them  above 
the  sea  in  many  places.  In  some  regions  the  folding  was  intense, 
the  greatest  disturbances  accompanying  the  uplift  of  the  mountain 
ranges  to  an  altitude  of  thousands  of  feet.  The  San  Rafael  Moun- 
tains, which  were  upheaved  at  this  time,  probably  extended  along 
the  lines  of  former  mountains,  and  some  smaller  mountainous  or 
hilly  areas  likewise,  such  as  the  Casmalia  IJills  and  perhaps  portions 
of  the  Santa  Ynez  Range,  followed  former  zones  of  uplift.  But  for 
the  most  part  the  Santa  Ynez  Range  was  probably  new.  It  is 
doubtful  whether  it  was  ever  completely  covered  by  Monterey  sedi- 
ments, and  its  structure  may  have  been  determined  by  minor  folding 
previous  to  the  beginning  of  the  Monterey,  but  it  is  probable  that 
this  range  did  not  have  any  approach  to  its  present  proportions  until 
after  middle  Miocene  time.  In  other  regions  low,  broad  folds  were 
formed  during  the  post-Monterey  disturbance  and  the  strata  were 
not  upheaved  to  a  great  altitude;  such  was  the  case  in  parts  of  the 
basin  region  between  the  San  Rafael  and  Santa  Ynez  mountains. 

After  the  formation  of  the  middle  Miocene  shales  they  were 
intruded  at  several  different  points  by  basic  igneous  masses,  mostl}^ 
of  the  nature  of  diabase.  The  distiu-bance  which  put  an  end  to  the 
period  was  profound  and  this  igneous  activity  was  probably  an 
accompaniment  of  it.  The  rocks  were  locally  hardened  by  contact 
action  in  consequence  of  the  intrusions. 

After  an  erosion  interval,  probably  of  comparatively  short  dura- 
tion, the  land  again  sank,  though  not  so  extensively  nor  to  such 
depth  as  in  the  previous  subsidence,  and  a  large  part  of  the  Santa 
Maria  district,  especially  the  lower  regions,  became  submerged. 
The  deposition  of  the  Fernando  followed,  beginning  before  the  close 
of  the  Miocene.  Owing  to  differences  in  altitude  and  possibly  also 
to  local  difference  in  the  amount  of  subsidence,  the  deposition  began 
in  some  places  before  it  did  in  others.  Over  the  areas  in  which  the 
Monterey  has  been  only  slightly  folded,  the  Fernando  beds  assumed 
conformable  positions  with  it.     In  regions  where  the  Monterey  beds 
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had  been  more  highly  tilted  the  later  sediments  were  laid  down 
unconformably.  In  places  the  first  Fernando  beds  were  of  similar 
lithologic  character  to  the  Monterey  shale,  being  deposited  probably 
under  similar  conditions  or  else  derived  from  the  redeposition  of  the 
shale  material.  This  similarity,  added  to  the  bedding  conformity, 
caused  the  formations  to  appear  as  completely  conformable  and  con- 
tinuous. But  the  presence  in  places  of  layers  of  brecciated  Monterey 
shale  at  the  base  of  the  Fernando,  and  in  places  of  true  angular 
unconformities,  proves  that  a  period  of  erosion  preceded  the  Fer- 
nando deposition. 

After  the  period  of  deposition  of  the  finer  sediments  usually  found 
at  the  base  of  the  Fernando,  shallow-water  conditions  prevailed. 
The  deposits  were  almost  entirely  detrital,  the  product  of  erosion  on 
land,  much  of  the  material  coming  from  areas  of  Monterey  shale. 
Fresh-water  or  possibly  brackish-water  conditions  may  have  pre- 
vailed in  the  latter  part  of  Fernando  time.  They  certainly  did  for  a 
time  and  locally,  at  least,  when  the  brackish-water  limestone  beds 
were  formed. 

MAIN    QUATERNARY   PERIOD. 

Downward  and  upward  movements  of  the  coastal  region  were 
probably  in  progress  during  the  Fernando  period,  but  were  intensi- 
fied early  in  Pleistocene  time,  and  disturbance  of  the  strata  along  the 
lines  influenced  by  the  post-Monterey  upheaval  took  place.  In  this 
way  the  mountain  ranges  were  upraised  in  their  present  position  and 
the  Fernando  became  warped  along  the  lines  of  further  folding  in  the 
Monterey. 

After  this  uplift  erosion  set  in  an3  eventually  removed  the  Fer- 
nando from  some  parts  of  the  region  over  which  it  had  formed  a 
thick  covering.  The  mountain  regions  were  worn  into  rugged  shapes, 
Santa  Maria  and  Santa  Ynez  rivers  developed  graded  valleys,  and 
the  sea  planed  off  the  coast  extensively  by  cutting.  During  the  same 
period,  however,  land  building  over  this  region  was  in  progress  as  the 
result  of  differential  movements  of  the  coast.  The  great  resultant 
changes  of  level  in  post-Fernando  time,  as  indicated  by  the  records, 
were  a  pretty  general  depression  to  a  depth  of  1,100  to  1,200  feet,  and 
locally  to  at  least  1,400  feet;  and  a  later  uplift  to  the  present 
level.  These  movements  were  probably  gradual  and  continuous, 
but  not  sufficiently  slow  to  allow  the  formation  of  deposits  of  great 
thickness.  During  these  movements  the  sea  cut  into  the  land  as  the 
water  encroached  and  receded,  forming  terraces  inclined  toward  the 
ocean,  and  beach  and  shallow-water  sediments  were  laid  down  as  thin 
coatings  over  the  newly  planed  surfaces.  These  deposits  were  prob- 
ably formed  as  the  land  rose.  During  the  periods  of  depression  the 
streams  built  up  deposits  of  gravel,  sand,  and  clay  at  different  levels, 
*nving  rise  to  extensive  terraces  and  to  filled  valleys.     Great  deposits 
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of  wind-blown  sand  were  formed  also,  and  their  fonnation  is  con- 
tinuing at  present.  During  the  late  Quaternary  the  deposits  and 
topographic  forms  resulting  from  all  these  processes  have  been  carved 
by  erosion;  wide  areas  have  been  denuded  of  the  thin  Pleistocene 
capping;  and  in  many  places  bits  of  terrace  deposits  are  left  merely 
as  scattering  remnants. 

STRXJCTXTRB  AND   CONDITIONS  AFl^ECTING   THE  PRES- 
ENCE OF  Olli. 

THE  ANTICLINAL  THEORY. 

The  anticlinal  theory  of  oil  accumulation  assumes  that  the  oil, 
being  of  lesser  gravity,  rises  above  the  water  present  in  porous 
rocks  and  collects  at  the  highest  possible  points  in  upward  folds, 
being  there  confined  by  impervious  strata  arching  over  the  folds. 
The  presence  of  water,  according  to  this  theory,  is  considered  as 
fundamentally  necessary  for  the  carrying  out  of  the  process  of 
accumulation  in  anticlines.  ♦ 

The  presence  of  oil  in  anticlinal  folds  was  repeatedly  observed  in 
the  eastern  part  of  North  America  during  the  latter  half  of  the 
nineteenth  century.  E.  B.  Andrews  noted  its  occurrence  along  low 
ahticlines  in  West  Virginia  and  Ohio  as  early  as  1861,  and  described 
this  occurrence  that  same  year,"  and  again,  with  more  assurance  of 
its  wide  application,  in  1866.'' 

In  1863  the  Canadian  geologists,*^  in  describing  the  oil  springs 
immediately  north  of  Lake  Erie,  noted  their  close  relation  to  the 
anticlinal  structure,  and  formulated  the  theory  that  the  rise  of  the 
oil  is  due  to  the  presence  of  water  in  the  rocks.  Their  brief  state- 
ment is  as  follows: 

Some  of  these  springs  appear  to  be  on  the  line  of  the  great  anticlinal  wliich  runs 
through  the. western  peninsula,  and  subordinate  undulations  of  a  similar  character 
will  be  found  connected  with  others.  The  oil,  being  lighter  than  water  and  per- 
meating with  it  the  strata,  naturally  runs  to  the  highest  part,  which  is  the  crown  of 
the  anticlinal,  whence  it  escapes  to  the  surface  by  some  of  thov^e  breaks  which  are 
u«iially  found  in  such  positions. 

Also  in  1863  Sterry  Hunt,  to  whom  the  above-cited  conclusions  in 
the  Canadian  report  are  probably  due,  described  the  oil  of  western 
Ontario  as  derived  from  low  anticlines.'' 

The  following  quotation  is  from  an  account  written  in  1885  by 
I.  C.  White*^  of  his  search  for  some  method  of  determining  the  loca- 
tion of  gas  accumulations : 

In  the  prosecution  of  this  work  I  was  aided  by  a  suggestion  from  Mr.  William  A. 
Earsenian,  of  Allegheny,  Pa.,  an  oil  operator  of  many  years'  experience,  who  had 

a  Am.  Jour.  Sci.,  2d  ser..  vol.  32,  July,  1861.  pp.  85-93. 
b  Am.  Jour.  Scl.,  2d  ser.,  vol.  42,  July  1866,  pp.  33-37. 
c  Geology  of  Canada,  Canadian  Geol.  Survey,  1863,  p.  379. 
d  Am.  Jour.  Scl.,  2d  ser.,  vol.  35,  March,  1863.  pp.  169-170. 
«  Science,  vol.  5,  No.  125,  June  26. 1886. 
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noticed  that  the  principal  gae  wells  then  known  in  western  Pennsylvania  were  sit- 
uated close  to  where  anticlinal  axes  were  drawn  on  the  geological  maps.  From  this 
he  inferred  there  must  be  some  connection  between  the  gas  wells  and  the  anticlines. 
After  visiting  all  the  great  gas  wells  that  had  been  struck  in  western  Pennsylvania 
and  West  Virginia,  and  carefully  examining  the  geological  surroundings  of  each,  I 
found  that  every  one  of  them  was  situated  either  directly  on  or  near  the  crown  of  an 
anticlinal  axis,  while  wells  that  had  been  bored  in  the  syncline  on  either  side  furnished 
little  or  no  gas,  but  in  many  cases  large  quantities  of  salt  water.  Further  observation 
showed  that  the  gas  wells  were  confined  to  a  narrow  belt,  only  one-fourth  to  1  mile 
wide,  along  the  crests  of  the  anticlinal  folds.  These  facts  seemed  to  connect  gas  terri- 
tory unmistakably  with  the  disturbance  in  the  rocks  caused  by  their  upheaval  into 
arches,  but  the  crucial  test  was  yet  to  be  made  in  the  actual  location  of  good  gas  ter- 
ritory on  this  theory.  During  the  last  two  years  I  have  submitted  it  to  all  manner  of 
tests,  both  in  locating  and  condemning  gas  territory,  and  the  general  result  has  been 
to  confirm  the  anticlinal  theory  beyond  a  reasonable  doubt. 

The  anticlinal  theory  was  found  applicable,  according  to  Red- 
wood," by  various  investigators  in  the  Eastern  Hemisphere,  in  the 
Caucasian  and  Carpathian  fields,  in  India,  Persia,  and  Algiers,  and 
as  stated  by  Lyman,*  in  some  at  least  of  the  wells  in  Japan.  Fur- 
ther credence  has  been  lent  to  it  by  investigators  in  various  parts  of 
the  world  in  subsequent  reports  on  oil  districts.  It  has,  however,  not 
been  proved  to  be  of  universal  application. 

ACCUMULATION  OF  OIL  IN  THE  SANTA  MARIA  DISTRICT. 

In  the  Santa  Maria  and  Lompoc  fields  the  evidence  indicates  that 
anticlinal  structure  is  favorable  although  probably  not  absolutely 
essential  to  the  accumulation  of  oil.  But  whether  or  not  this  fact 
is  explainable  on  the  basis  of  the  anticlinal  theory  as  previously 
advanced,  and  as  seemingly  applicable  to  eastern  fields,  remains  a 
question,  for  the  reason  that  definite  evidence  is  lacking  regarding 
the  presence  or  absence  of  water  in  the  strata  containing  the  oil. 
The  fields  of  the  Santa  Maria  district  are  not  yet  old  enough  to  make 
it  ascertainable  whether  water  occupies  lower  levels  in  the  same  por- 
ous strata  in  which  the  oil  is  contained,  or  strata  below  those  contain- 
ing the  oil,  and  whether  water  will  take  the  place  of  the  oil  on  its 
exhaustion  in  the  wells;  or,  on  the  other  hand,  whether  the  dll 
occurs  unassociated  with  water  in  large  amounts.  What  evidence 
there  is  throws  doubt  on  the  assumption  that  water  is  present  in 
sufficient  amounts  materially  to  affect  the  position  of  the  oil  in  the 
strata.  Although  over  a  hundred  wells  have  been  sunk  to  depths 
ranging  between  1,500  and  considerably  more  than  4,000  feet  in 
various  positions  relative  to  the  axes  of  folds,  water  has  been  reported 
in  only  four  wells  at  a  depth  of  more  than  1,000  feet  below  the  surface, 
or  below  sea  level,  and  in  only  a  few  wells  below  300  or  400  feet. 
In  other  words,  whatever  water  is  present  occurs  in  all  but  four  wells 

a  Redwood.  Boverton.  assisted  by  Holloway,  G.  T. :  Petroleum  and  its  products,  London,  1st  ed..  1896, 
vol.  1.  pp.  44-46;  also  2d  ed..  1906.  vol.  1.  p.  112. 
^  Geological  survey  of  the  oil  lands  of  Japan,  Toklo,  1877  and  1878. 
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near  the  surface,  or  at  least  considerably  above  the  oil-producing 
zones. 

It  may  1»  questioned  whether  the  presence  of  water  is  essential  for 
the  accumulation  of  petroleum  in  the  upward  folds  of  the  strata  under 
the  conditions  presented  by  the  Santa  Maria  and  Lompoc  fields. 
Here  the  oil  tends  to  rise  to  the  surface  and  form  seepages  wherever 
channels  of  escape  are  offered.  This  is  probably  not  due  to  hydro- 
static pressure,  as  there  is  no  evidence  that  the  water  tended  to 
rise  in  the  same  way;  and  it  is  just  the  opposite  of  the  tendency 
ascribed  to  oil  by  upholders  of  the  anticlinal  theory,  which  would 
result  in  the  oil  descending  and  gathering  in  the  synclinal  troughs  on 
subsidence  or  removal  of  the  water.  In  the  fields  under  discussion 
the  oil  is  always  intimately  associated  with  gas.  There  do  not  seem 
to  be,  as  a  rule,  separated  stores  of  gas  and  oil,  but  the  two  are  inter- 
mingled, or  at  least  closely  brought  together,  so  that  one  is  not  usu- 
ally found  without  the  other,  although  gas  is  sometimes  found  alone. 
The  oil  exhibits  a  tendency  to  migrate,  as  shown  by  its  original  con- 
centration from  widely  separated  points  of  origin,  by  its  surface  seep- 
age, and  by  the  energetic  way  in  which  it  rises  in  the  drill  holes  when 
a  source  of  it  is  tapped.  This  migratory  faculty  may  be  ascribed 
entirely  to  the  presence  of  the  associated  gas,  which  would  cause  the 
oil  to  fill  every  crevice  offering  a  point  of  escape  or  a  point  of  lodgment. 
If  this  is  granted,  it  is  evident  that  the  points  of  accumulation  of  oil 
will  be  determined  chiefly  by  the  presence  of  cavities,  large  or  small, 
offering  a  place  for  it  to  gather.  Anticlines,  being  points  of  fractur- 
ing and  in  some  places  opening  out  of  the  strata,  would  afford  likely 
places  for  the  oil  to  lodge  in  those  beds  subject  to  fracture  and  for  it 
to  be  imprisoned  by  overarching  impervious  beds. 

Aside  from  ideas  as  to  accumulation  of  oil  after  such  a  fashion,  the 
writers  have  come  to  the  conclusion  that  in  this  region  many  of  the 
"oil  sands,'*  so  called,  are  not  true  sands,  but  zones  of  fractured  shale 
or  flint  offering  interspaces  in  which  the  oil  can  gather.  Beds  of  sand 
in  the  Monterey  are  scarce  and  thin.  Some  of  the  oil-producing  zones 
are  very  thick,  amounting  to  tens  or  even  hundreds  of  feet.  The  oil 
occurs  chiefly  in  the  lower  portion  of  the  formation,  where  brittle,  flinty 
shale  is  abundant;  and  as  it  is  a  noticeable  fact  that  wherever  these 
hard,  flinty  layers  appear  at  the  surface  they  are  usually  much  more 
contorted  and  fractured  than  the  associated  softer  shales,  which  are, 
in  general,  only  folded  and  not  broken,  it  seems  likely  that  the  same 
fracturing  and  resultant  formation  of  an  ideal  reservoir  for  the  oil 
takes  place  in  the  depths  as  at  the  surface.  Where  it  is  so  fractured, 
the  shale  occupies  a  greater  volume  than  before,  showing  spaces  some 
of  which  are  open  and  others  partially  or  wholly  filled  with  chalcedonic 
or  bituminous  material.  The  unfractured  beds  are  more  or  less  imper- 
vious to  the  rapid  migration  of  the  petroleum,  and  so  act  as  barriers 
to  keep  the  oil  in  the  porous  zones. 
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It  is  therefore  possible  that  in  the  Santa  Maria  district  the  gas  pres- 
sure is  the  chief  agent  in  giving  the  oil  mobility,  and  that  the  condition 
of  the  rocks  is  the  chief  factor  that  controls  the  matter  of  where  the  oil 
is  stored  most  abundantly.  Hydrostatic  pressure  may  not  play  an 
important  part.  The  especially  large  accumulations  in  anticlines 
may  be  accounted  for  primarily  by  the  cavities  offered  by  the  strata 
along  upward  folds,  and  secondarily  by  the  presence  of  less  pervious 
beds  arching  over  such  folds  and  affording  favorable  conditions  for  the 
confinement  of  oil  and  gas  tending  to  escape.  Lesser  stores  of  oil  may 
occur  at  other  points  within  the  formation. 

INDICATIONS  OF  OIL. 

The  chief  criteria  for  judging  as  to  the  presence  or  absence  of  oil  in 
appreciable  quantities  in  this  region  have- been  the  attitude  of  the  beds, 
their  position  in  the  series,  and  the  surface  indications.  Other  minor 
evidences  of  a  local  nature  have  also  been  taken  into  account.  In 
drawing  conclusions  from  structural  indications  anticlines  have  been 
considered  as  the  chief  factors  favoring  accumulation,  inasmuch  as  the 
oil  appears  to  have  gathered  in  them  in  a  majority  of  the  proved  occur- 
rences in  this  district,  other  conditions  being  favorable.  The  conclu- 
sion has  been  reached  that  anticlines  afford  a  fairly  tnistworthy  clew 
to  the  location  of  the  most  important  oil  deposits.  Close  folding 
appears  to  play  a  part  in  this  district  in  depriving  the  rocks  of  their 
oil,  and  excessive  disturbance  and  fracturing  is  unfavorable  to  its 
retention.  But,  on  the  other  hand,  moderate  folding  would  appear 
to  be  favorable,  if  not  requisite,  for  the  accumulation  of  stores  of  oil, 
and  probably  the  most  favorable  conditions  are  afforded  by  anticlinal 
folds  of  such  sharpness  as  to  render  the  brittle  rocks  porous  by  frac- 
turing, but  to  leave  less  pervious  arches  of  more  elastic  rock. 

The  second  criterion  is  the  statigraphic  position  in  the  formation  of 
the  beds  exposed  over  the  area  in  which  oil  is  sought.  As  has  been 
before  stated,  the  oil-bearing  strata  occur  chiefly  in  the  lower  portion 
of  the  Monterey.  Where  the  outcropping  beds  belong  to  the  higher 
portion  of  the  formation  there  is  a  greater  likelihood  that  the  under- 
lying oil-bearing  strata  have  been  able  to  retain  their  contents  than 
where  the  lower  strata  have  been  denuded  of  the  greater  part  of  the 
overlying  beds  or  where  they  are  themselves  exposed  or  partially 
removed. 

As  regards  the  third  criterion,  the  chief  surface  indications  are 
afforded  by  the  presence  of  seepages  of  oil  or  tarry  material  from  the 
shales,  by  asphalt  deposits,  bituminous  shales,  and  burnt  shale. 
Asphalt  occurs  mainly  in  three  ways — as  a  mixture  of  bituminous 
material  with  sand,  due  to  the  absorption  by  overlying  sand  deposits 
of  seepages  from  the  shale,  as  hardened  fillings  of  asphalt  in  cavities 
along  joints,  and  as  excessively  saturated  shale.     The  burnt  shale  is 
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the  rose-colored  or  slaglike  rock  observed  at  many  places  in  this  and 
other  oil-bearing  regions  within  the  Monterey  formation.  It  is  fully 
discussed  on  pages  48-52.  It  is  the  result  of  the  burning  of  the  hydro- 
carbons that  have  impregnated  the  shale,  and  its  presence  therefore 
indicates  where  seepages  have  existed. 

GENERAL  STRUCTURAL  CONSIDERATIONS. 

The  area  comprised  within  the  limits  of  the  Lompoc  and  Guadalupe 
quadrangles  has  been  subjected  to  two  systems  of  forces  acting 
obliquely  to  each  other,  the  one  producing  structural  features  which 
trend  northwest  and  southeast,  the  other  those  which  trend  east  and 
west.  (See  PI.  VII.)  The  system  causing  the  northeast-southwest 
structure  was  probably  the  older  and  dominating  one,  as  it  brought 
forth  the  highest  ranges  and  most  extreme  folding  and  conformed 
with  the  great  system  which  has  determined  not  only  the  Coast 
Ranges  of  California  but  the  western  border  of  the  North  American 
continent.  The  forces  producing  the  east-west  features,  although 
exceedingly  effective  from  the  west  end  of  the  Santa  Ynez  Range  east- 
ward to  the  region  south  of  the  end  of  the  San  Joaquin  Valley,  were 
not  so  far-reaching  as  those  of  the  other  system  and  probably  began 
to  exert  themselves  at  a  later  date. 

That  portion  of  the  area  under  discussion  which  lies  to  the  north- 
east of  the  Santa  Maria  Valley  is  dominated  almost  completely  by 
structural  lines  trending  northwest  and  southeast;  in  the  extreme 
southern 'portion  lines  trending  east  and  west  prevail.  Thie  region 
between  these  two  areas  is  occupied  by  folds  and  faults,  some  of  whose 
component  parts  exhibit  allegiance  to  one  system  and  some  to  the 
other,  but  whose  resultant  trend  is  intermediate  between  the  two. 
In  a  general  way  the  lines  of  disturbance  as  well  as  the  topographic 
relief  within  this  central  province  radiate  fanlike  from  the  point  of 
divergence  of  the  Santa  Ynez  and  San  Rafael  ranges  east  of  the  town 
of  Santa  Ynez. 

The  forces  acting  throughout  the  region  have  more  often  found 
equilibrium  in  the  production  of  folds  than  in  adjustment  by  faulting. 
Several  important  faults  are  recognizable,  however,  and  doubtless 
others  will  be  revealed  by  detailed  work,  especially  in  the  San  Rafael 
Range.  There  is  evidence  to  show  that  forces  have  acted  intermit- 
tently along  the  same  general  lines  throughout  a  long  period  of  time. 

DETAILED  DISCUSSION  OF  STRUCTURE. 

In  the  field  study  of  the  structures  of  the  formations  and  in  the 
present  discussion  special  attention  has  been  paid  to  the  structure  of 
the  Monterey  shales,  because  that  formation  has  apparently  given 
origin  to  the  petroleum  and  in  it  the  bulk  of  the  oil  is  stored. 
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For  convenience  the  two  quadrangles  will  be  divided  into  the  three 
naturally  separated  portions  outlined  in  a  preceding  paragraph,  viz, 
the  region  of  the  San  Rafael  Range,  which  includes  all  of  the  territory 
northeast  of  the  Santa  Maria  Valley  and  a  line  extending  southeast 
of  its  head;  the  region  of  the  Santa  Ynez  Range;  and  the  province 
of  low  hills  and  shallow  valleys  intervening  between  the  two  moun- 
tain masses.  The  reading  of  the  following  paragraphs  describing  the 
structure  of  various  areas  should  be  accompanied  by  reference  to  the 
map.  (PI.  I,  in  pocket.)  For  the  sake  of  compactness  the  conclu- 
sions as  to  the  possibilities  of  productiveness  of  the  Monterey  shale 
have  been  stated,  together  with  the  description  of  its  main  structural 
features. 

It  must  be  remembered  that  in  regions  of  great  disturbance  such  as 
the  shales  have  imdergone  in  some  parts  of  the  area  it  is  diflBcult  to 
represent  by  single  lines  the  complexity  of  the  structure.  Some  of 
the  lines,  therefore,  mark  zones  of  folding  rather  than  single  definitely 
continuous  folds.  The  dotted  lines  of  structure  are  purely  supposi- 
tional. 

REGION   OF   THE    SAN    RAFAEL   MOUNTAINS. 
ABBAS  OF  BOOKS  OLDBB  THAIT  TEB  MONTEBET. 

Whatever  succession  of  beds  or  structural  conditions  may  once 
have  existed  in  the  Franciscan  formation  (Jurassic?)  in  this  district, 
they  have  been  largely  obliterated  by  the  successive  folding  and 
crushing  to  which  these  rocks  have  been  subjected  in  the  long  period 
of  time  since  their  first  uplift.  The  shales  and  sandstones  mapped  as 
pre-Monterey,  especially  where  the  beds  alternate,  have  preserved  the 
folds  well,  but  except  on  North  Fork  of  Labrea  Creek  and  along  Sis- 
quoc  River  no  effort  has  been  made  to  work  out  the  structure  of  this 
series. 

ABBAS  OF  MONTEBET  AKD  LATEB  FOBXATIOHS. 


Considered  as  a  whole  the  Monterey  has  been  thrown  into  a  series 
of  anticlinal  and  synclinal  folds  striking  about  N.  50°  W.,  and  appar- 
ently plunging,  in  the  main,  toward  the  northwest.  Great  variation 
exists  in  the  relative  steepness  of  dip  along  these  folds,  but  it  is  evident 
that  the  compressive  forces  producing  them  were  of  much  greater 
strength  in  the  southeastern  part  of  the  area,  between  Bone  Mountain 
and  Round  Corral  Canyon  and  thence  southeastward  into  the  region 
of  Zaca  Peak.  Here  the  folds  become  so  compressed  and  in  places 
overturned  that  it  is  difficult  to  trace  them.  PI.  Til,  B  (p.  34)  and 
VI,  B  (p.  46)  give  an  idea  of  the  closeness  of  the  folding.  In  contrast 
with  this  constricted  portion  is  the  broad  series  of  folds  which  extend 
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rather  imifonnly  along  the  northeastern  border  of  the  area,  and  de- 
velop toward  the  southeast  into  the  syncline  crossing  Tunnel  Canyon 
and  Horse  Gulch  just  north  of  Sisquoc  River.  The  high,  broad  ridge 
between  Bone  Mountain  and  Manzanita  Mountain  is  composed  of 
Monterey  shale,  which  lies  approximately  flat,  and  toward  the  north- 
west becomes  one  arm  of  the  great  syncline  which  extends  through 
Goodchild's  ranch  on  Labrea  Creek  and  is  traceable  almost  to  Colson 
Fork  of  Tepusquet  Creek.  A  similar  syncUne,  possibly  the  same, 
extends  from  Colson  Fork  northwestward  across  Tepusquet  Creek  to 
the  margin  of  the  Lompoc  quadrangle.  The  northeastern  arm  of  this 
fold  forms  the  high  ridge  extending  along  the  southwestern  side  of 
Buckhorn  Canyon. 

It  is  possible  that  the  pre-Monterey  rocks  north  of  Bee  Rock  Can- 
yon plunge  down  monoclinally  under  the  Vaqueros  in  a  fold  at  right 
angles  to  the  wide  anticlinal  fold  that  exposes  the  former.  Such  a 
plunge  would  be  apt  to  give  rise  to  the  northeast-southwest  table 
between  Bone  Mountain  and  Manzanita  Mountain  that  interrupts  the 
structure  to  the  northwest  and  southeast,  and  this  table  rfiay,  there- 
fore, represent  a  buckling  across  an  otherwise  continuous  structure. 

Southwest  of  Los  Coches  Mountain  one  or  more  folds  are  over- 
turned, but  the  northwestern  extensions  of  these  folds  have  not  been 
examined. 

The  region  southeast  of  Round  Corral  and  Asphaltum  creeks  is 
occupied  by  several  sharp  folds  which  strike  in  a  general  northwest- 
southeast  direction.  Overturning  is  not  uncommon  in  this  series  of 
folds,  one  notable  example  being  an  anticline  on  the  southern  flank 
of  Zaca  Peak.  West  of  Round  Corral  Creek  the  structure  lines  bow 
around  from  a  northwesterly  to  a  westerly  or  west-southwesterly 
direction,  the  folds  at  the  same  time  becoming  less  compressed  and 
the  conditions  for  the  retention  of  the  oil  in  the  basal  sands  of  the 
hard  shale  series  correspondingly  better. 


There  is  strong  evidence  of  a  fault  zone  passing  north  of  the  nar- 
row area  of  intrusive  rock  north  of  Zaca  Lake,  and  thence  north- 
westward as  far  as  the  head  of  Rattlesnake  Canyon.  The  resultant 
do^^Tithrow  along  this  zone  of  displacement  is  on  the  southwest, 
probably  amounting  to  a  good  many  hundred  feet  toward  the  east 
edge  of  the  I^ompoc  quadrangle.  Toward  the  northwest  this  fault 
apparently  dies  out  or  merges  into  a  syncline. 

Just  east  of  Ix)s  Coches  Mountain  there  may  be  another  fault 
which  brings  up  the  uppermost  Vaqueros  on  the  north.     A  third 
fault  between  the  Pliocene  and  Monterey  may  extend  from  a  point 
near  the  mouth  of  Round  Corral  Canyon  to  Labrea  Creek. 
1784— Bull.  322—07 6 
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Faults  also  occur  along  the  Franciscan-Fernando  contact  in  the 
region  northwest  and  southeast  of  Figueroa  Creek,  but  the  resultant 
throw  was  not  determined.  A  depositional  contact  is  clearly  exposed 
along  this  same  line  just  northwest  of  Alamo  Pintado  Creek. 

EVIDENCES    OF   PETROLEUM. 

Despite  the  great  development  of  folds  within  the  Monterey  area, 
only  here  and  there  do  seepages  of  asphaltic  material  occur.  It 
would  seem  that  the  fractures  produced  by  sharp  folding  would  give 
adequate  channels  for  the  escape  of  petroleum,  and  it  is  surprising 
to  find  so  few  seepages.  The  best  developed  of  these  is  on  Labrea 
Creek  at  and  near  its  junction  with  Rattlesnake  Canyon,  and  is 
typical  of  the  localities  noted  north  of  Sisquoc  River.  The  oil  seep- 
age is  associated  with  small  springs  of  strongly  saline  and  sulphurous 
water,  and  the  oil  has  exuded  along  the  bedding  planes  of  the  Mon- 
terey shales,  here  thrown  into  a  pronounced  anticline  which  has  been 
flexed  in  such  a  manner  as  to  open  out  the  laminae  of  the  shale  and 
thus  give  better  opportunity  for  the  passage  of  oil.  Two  wells  have 
been  sunk  here,  but  they  are  shallow  and  offer  no  additional  data. 

The  following  is  a  brief  statement  of  the  asphalt  seepages  and  brea 
deposits  occurring  in  the  San  Rafael  Mountains: 

1.  Branch  of  upper  Tepusquet  Creek.  Slight  seepage  in  bed  of  creek  three-fourths 
of  a  mile  above  junction  with  main  stream.     At  anticlinal  axis.     Hai*  been  located. 

2.  On  Colson  Fork  of  Tepusquet  Creek.  Black  bituminous  streaks,  veinlets,  and 
pockets,  associated  with  calcareous  shales  which  are  considerably  folded  on  a  minor 
scale.     This  also  has  been  located. 

3.  Labrea  Creek,  at  and  near  junction  with  Rattlesnake  Canyon. 

4.  Sisquoc  dairy.  Seepage  and  ai^phaltic  sands  along  sharply  defintKi  anticline 
which  is  obscured  by  later  material.     Well  sunk  here,  but  no  record  available. 

5.  Sisquoc  River,  one-half  mile  below  Round  Corral  Canyon.  Slight  seepage  from 
steeply  inclined  Monterey  shale.     (Shown  in  PI.  Ill,  B,  p.  34.) 

6.  Fugler  Point,  1  mile  north  of  Gary.  Veins  of  asphaltum,  parallel  in  a  general 
way  to  the  bedding,  which  here  dips  25°  SW.,  intrude  the  fossiliferous  Fernando 
(lower  Pliocene  portion).  A  shaft  has  been  sunk  here  a  few  feet  for  the  removal  of 
the  asphaltum. 

7.  Alcatraz  mine,  3i  miles  east  of  Sisquoc  post-office.  Vast  deposits  of  asphaltum, 
from  a  few  feet  to  200  feet  or  more  in  thickness,  lie  unconformably  above  the  steeply 
dipping  Monterey  shales  over  large  areas  in  the  general  region  of  the  mine.  These 
deposits  have  been  mined  on  a  large  scale  at  one  piace,  but  at  present  the  plant  is 
idle.     The  mine  is  shown  in  PI.  VIII,  -4. 

8.  Zaca  Canyon,  5  miles  southeast  of  Sisquoc  post-office.  Deposits  similar  to  those 
at  the  Alcatraz  mine  are  found  on  both  sides  of  La  Zaca  Creek  where  it  debouches 
from  its  narrow  mountain  canyon  into  the  broad  valley  carved  by  it  through  the 
hilly  country. 

9.  Sisquoc  Ridge,  If  miles  north  of  Sisquoc  post-office.  A  small  but  significant 
area  similar  in  occurrence  to  the  two  preceding.  This  area  overlies  the  axis  of  an 
anticline  in  the  Monterey  shale. 
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^.     ALCATRAZ  ASPHALT  MINE.   3  MILES  EAST  OF  SISQUOC. 
Showing  the  horizontal  Fernando  brea  deposits  overlying  the  steeply  tilted  Monterey  shale. 


B.    UNCONFORMITY  BETWEEN  TILTED  MONTEREV  SHALE  AND  HORIZONTAL  PLEISTOCENE 

SAND  AND  GRAVEL. 

In  railroad  cut  northeast  of  Casmalia.     Photograph  by  Ralph  Arnold. 
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CONCLUSIONS    REOAHUING    FITIKE    DEVKLOFMENT. 

On  account  of  the  greater  intensity  of  the  folding  and  the  hick  of 
the  thick,  more  or  less  unaltered  diatomaceous  deposits  which  are 
found  associated  with  all  the  ])roved  productive  iields  in  this  dis- 
trict, the  indications  are  not  so  encouraging  for  good  wells  in  the 
territory  northeast  of  the  head  of  the  Santa  Maria  Valley  a^  they  are 
in  certain  other  portions  of  the  Lonipoc  and  Guadalupe  quadrangles. 
The  areas  in  the  region  of  the  San  Rafael  Mountains  which  offer  the 
most  inducements  for  testing  by  the  drill  are  as  follows: 

1.  North  and  northwest  of  Sisquoc  post-office,  along  the  anticlines 
sho^^^l  on  the  map  (PI.  I,  in  pocket).  There  are  one  or  two  local 
anticlines  not  shown,  which  might  also  be  prospected  with  good 
results.  The  hard  shales  exposed  in  tliis  region  are  probably  lower 
Monterey  and,  if  such,  do  not  offer  as  much  promise  of  great  accu- 
mulations of  oil  at  their  base  as  if  they  were  overlain  by  the  upper 
part  of  the  formation.  The  strata  in  the  region  above  the  head- 
waters of  Round  Corral  Canyon  and  Asphaltum  Creek  are  too  sharply 
folded  to  give  much  hope  of  the  ret<?ntion  of  large  deposits  of  petro- 
leum. The  asphaltum  deposits  here  and  to  the  southeast  indicate 
that  the  Miocene  was  at  one  time  highly  petroliferous,  but  that  at 
least  a  considerable  portion  of  the  oil  has  escaped. 

2.  In  the  Monterey  area  bordering  the  head  of  the  Santa  Maria 
Valley  on  the  northeast,  both  west  and  east  of  Tepuscjuet  Creek, 
wherever  tlie  anticlines  are  not  so  sharply  folded  as  to  give  indica- 
tions of  probable  loss  of  their  petroleum  content  by  excessive  frac- 
turing. The  surface  evidence  of  petroleinn  in  this  general  Monterey 
area  is  greatest  in  the  southeastern  or  more  sharply  folded  portion, 
but  for  obvious  reasons  it  seems  likely  that  the  chances  for  the 
accumulation  of  economically  important  deposits  of  petroleum  are 
greatest  in  the  less  compressed  area  northwest  of  Ijabrea  Creek. 

3.  The  region  about  Fugler  Point  and  thence  southward  and 
southeastward  toward  Sisquoc.  This  territory  is  doubtless  under- 
lain by  the  oil-bearing  beds,  but  at  what  depth  it  is  not  possible  to 
calculate  owing  to  the  fact  that  the  Monterey  and  Fernando  are  cov- 
ered by  later  sediments.  The  occurrence  of  asphaltum  at  Fugler 
Point  is  analogous  to  that  at  the  east  end  of  Graciosa  Ridge,  near 
which  very  productive  territory  has  been  developed.  The  local  dip 
at  the  point  (25°  SW.)  would  indicate  that  the  best  places  to  drill 
would  be  east  of  the  asphaltum  deposit ;  but  the  uncertainty  whether 
this  dip  is  anything  more  than  a  local  tilting  of  the  F'ernando  is  so 
great  that  conchisions  regarding  the  best  localities  for  exploitation 
in  this  immediate  vicinity  are  extremely  hazardous.  Southwest  of 
Fugler  Point,  however,  there  is  evidence  of  the  presence  of  a  low 
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anticline  which  should  yield  good  returns  if  penetrated  deep  enough. 
This  anticline  is  mentioned  further  in  connection  with  the  Canada 
del  Gato«  area  (pp.  88-89). 

REGION    OF    SANTA   YNEZ   MOUNTAINS. 
AREA  SOUTH  OF  LOKPOC. 

South  of  the  Lonipoc  Valley,  the  Monterey  dips  in  general  north- 
ward away  from  the  higher  portion  of  the  hills,  but  south  of  the 
town  of  Lompoc  is  an  area  of  much  disturbance,  and  many  folds 
have  been  developed  on  the  flank  of  what  may  be  thus  broadly  con- 
sidered as  a  monocline.  These  folds  have  been  compressed  in  dif- 
ferent directions  and  there  is  a  puzzling  diversity  of  dip  and  strike. 
There  are  so  many  local  folds  that  it  is  diflScult  to  connect  the  more 
important  axes,  but  the  general  lines  of  disturbance  are  continuous 
for  the  distance  mapped.  The  main  folds  south  of  Lompoc  are  an 
anticline  near  the  valley  and  a  syncline  north  of  the  Monterey- 
Vaqueros  contact,  wdth  a  minor  anticline  and  syncline  between. 
The  attitude  of  the  beds  is  extremely  variable,  the  dip  ranging  in 
general  between  15°  and  60°.  On  either  side  of  the  main  anticline 
between  Salsipuedes  and  San  Miguelito  creeks  the  hard  shales  dip 
away  at  an  angle  of  20°  to  40°.  West  of  San  Miguelito  Creek  the 
folds  swing  out  toward  the  valley  or  die  out  on  the  flank  of  the  mono- 
cline, which  thus  becomes  unbroken. 

The  greater  part  of  the  strata  in  the  hills  south  of  Lonipoc  belong 
low  in  the  Monterey  formation,  although  higher  portions  remain  in 
the  synclinal  folds.  The  disturbance  has  been  considerable,  and 
erosion  has  removed  the  highest  parts  of  the  formation,  so  that  the 
chances  have  been  good  for  the  escape  of  any  oil  that  may  have 
been  present.  There  are  no  surface  indications  of  petroleum  and 
the  conclusion  is  that  no  great  quantity  of  oil  would  be  found  on 
drilling. 

AREA  OF  SANTA  RITA  HILLS. 

East  of  Lompoc  the  lines  of  structure  cross  the  Santa  Ynez  Valley 
into  the  Santa  Rita  Hills.  These  hills  are  formed  of  a  single  main 
ridge  which  is  paralleled  on  the  south  side  by  an  important  anticline. 
The  dips  on  either  side  of  the  broad  summit  of  this  fold  range  from 
a  few  degrees  to  about  35°.  The  general  trend  of  the  fold  is  east  and 
west,  m  conformity  with  that  of  the  Santa  Ynez  Range,  but  it  is 
curved,  especially  at  the  east  end,  as  if  influenced  by  more  than  one 
set  of  forces.  Other  important  folds  occur  on  the  flanks  of  the  anti- 
cline, giving  origin  to  the  disturbed  zone  followed  by  Santa  Ynez 
River. 


a  Culled  locally  Cat  Canyon. 
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A.  B.     MONOCLINE  IN  MONTERi 
About  ]  J  miles  northwest  of  Casmalia.    lookiN 


(\  J).     GRACIOSA  AND  WESTERN  j 

South  side  of  Santa  Maria  field;   Mount  Solom* 
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fjTEHEY  SHALE  IN  CASMALIA  HILLS. 
V.  "^g  northwest.     Photograph  by  Ralph  Arnold. 


:rn  union  oil  COMPANIES"  WELLS. 

.    'on  in  distance.      Photograph  by  Ralph  Arnold. 
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The  conditions  along  this  anticline,  especially  through  the  eastern 
half  of  its  length,  favor  the  occurrence  of  some  oil  at  least,  as  the 
axis  exposes  beds  fairly  high  in  the  formation  and  the  folding  is 
gentle.  No  surface  indications  of  petroleum  were  found,  except  a 
patch  of  burnt  shale  south  of  the  road  about  1  mile  southwest  of  the 
highest  hill  (elevation  1,300  feet)  and  local  outcrops  of  bituminous 
black  flint  and  browTi  shale  on  the  west  side  of  the  SOO-foot  liill  about 
half  a  mile  north  of  the  river  and  1  \  miles  west  of  the  east  edge  of  the 
Santa  Rosa  grant. 

KAUr  PORTIOH  OF  THE  SAHTA  TKEZ  RAVOE. 

The  Santa  Ynez  Range  is  composed  chiefly  of  Tejon  and  Vaqueros 
rocks  and  its  structure  is  therefore  much  less  important  in  connec- 
tion with  the  oil  deposits  than  that  of  the  areas  underlain  b}^  the 
Monterey  shale.  It  is  dominated  by  a  great  southward-dipping 
monocline  that  forms  a  high  ridge  along  the  coast,  north  of  which  the 
strata  are  gently  folded  along  curving  lines  that  reflect  two  different 
structural  trends.  The  folds  that  expose  the  Tejon- Vaqueros  and 
the  underl^dng  Franciscan  beneath  the  Monterey  toward  the  west 
end  of  the  range  are  in  places  abrupt  and  complex.  The  anticline 
of  the  Santa  Rita  Hills  has  the  appearance  of  crossing  the  Santa 
Ynez  Valley  and  continuing  in  a  large  fold  to  the  southeast. 

UEOION    BETWEEN   THE   SAN    RAFAEL   AND   SANTA   YNEZ   MOI'NTAINS. 
CASWAT.TA  HILLS  AHD  8AH  ANTOHIO  TEKRACE. 

Two  dominant  structural  lines  c<mtrol  the  region  of  the  Casmalia 
Hills  and  the  San  Antonio  terrace.  One  is  a  t>T)ical  fault  starting 
on  the  coast  south  of  Lions  Head  and  the  long  area  of  igneous  rocks 
and  running  southeastward.  About  2  miles  west  of  Casmalia  the 
line  is  continued  by  an  anticline,  which  is  probably  affected  by  faults 
at  least  as  far  as  Schumann  Canyon.  This  anticline  plunges  more 
and  more  toward  the  southeast  and  loses  its  character  as  a  fold,  giv- 
ing place  to  the  eastward-dipping  monocline  of  the  San  Antonio 
terrace. 

The  other  structure  line  is  one  of  varying  character,  represented 
on  the  map  as  the  Schumann  anticline.  Northeast  of  the  area  of 
igneous  rocks  that  meets  the  sea  at  Lions  Head  Miocene  strata 
form  a  great  monocline,  dipping  rather  steeply  to  the  northeast.  In 
the  high  region  of  Mount  Lospe  and  northeast  of  the  long  strike 
ridges  (shown  in  PI.  IX,  A,  B)  that  extend  southeastward  from  that 
peak,  this  monocline  flattens  out  into  a  structural  platform  of  \er\ 
low  dip,  which  on  approaching  the  edge  of  the  steep  descent  to  the 
Santa  Maria  Valley  bends  over  and  drops  off  abruptly.  The  axis 
along  which  this  steepening  of  the  dip  occurs  is  in  a  way  equivalent 
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to  an  anticlinal  axis  and  is  the  line  mapped.  In  places  it  is  a  true 
anticline,  completed  by  beds  of  gentle  dip  that  form  a  broad  syn- 
cline  of  the  platform  on  its  southwest  side.  South  of  t'orralillos 
CVeek  the  structure  curves  westward  and  the  Schumann  anticline  is 
sharply  defined  and  overturned.  It  is  seemingly  to  be  correlated 
with  a  large  anticline  exposed  in  the  Tejon-Vaqueros  rocks  on  the 
coast  north  of  Point  Sal.  South  of  Waldorf  this  anticline,  as  shown 
by  the  dotted  line  on  the  map,  is  not  certainly  continuous,  but  west 
and  south  of  Schumann  the  same  or  a  similar  fold  becomes  well 
developed  and  the  strata  dip  away  from  it  on  both  sides.  In  this 
portion  and  southeast  of  Schumann  Canyon  its  summit  is  broad, 
but  the  dips  become  ver}^  steep  farther  out  on  its  northeastern 
flank.     It  plunges  to  the  southeast  and  finally  dies  out. 

Asphalt  and  other  surface  indications  of  oil,  such  as  burnt  shale 
and  bituminous  shale,  occur  at  many  places  in  the  Casmalia  Hills. 
The  shale  is  especially  bituminous  along  and  near  its  contact 
with  the  Fernando  on  the  northeastern  side  of  that  part  of  the  hills 
which  lies  north  of  Schumann,  and  it  has  been  burnt  in  a  number  of 
places  in  the  same  region.  Outcrops  of  burnt  shale  are  prominent 
on  the  hill  just  southeast  of  Schumann,  and  near  the  contact  at  the 
northern  base  of  this  hill  the  shale  is  extremely  bituminous.  Wells 
put  down  in  the  region  about  Schumann  encounter  heavy  tar  at 
depths  below  2,000  feet,  but  no  paying  wells  have  been  struck.  It 
seems  likely,  however,  that  at  greater  depths,  possibly  3,000  feet  or 
so,  the  horizon  of  the  productive  flinty  beds  encountered  in  the 
Graciosa  Ridge  wells  will  be  penetrated  and  will  yield  lighter  oil  in 
paying  quantities. 

The  region  lying  north  of  Schumann  Canyon,  west  of  the  valley 
that  runs  southward  out  of  the  hills  and  opens  to  Schumann  Canyon 
1  mile  N.  45°  W.  of  the  Casmalia  depot,  and  west  of  the  road  that 
crosses  the  ridge  to  Waldorf  will  probably  not  yield  any  large  quan- 
tity of  petroleum,  because  the  strata  are  so  low  in  the  formation 
and  because  there  appear  to  be  no  sufficiently  well-developed  folds 
to  afford  good  points  of  accumulation.  Oil  might  V)e  found  in  small 
quantities  in  the  minor  folds  between  the  lower  portion  of  Schumann 
Canyon  and  the  fault.  The  shale  along  the  coast  here  is  very  bitu- 
minous. East  and  south  of  the  supposedly  unproductive  regiop 
outlined  above  the  plunging  structure  exposes  higher  portions  of  the 
Monterey  shale  and  the  conditions  warrant  the  conclusion  that  oil 
can  prol)ably  be  obtained  in  the  neighborhood  of  the  major  anti- 
cline. Southeast  of  the  point  where  the  road  south  of  Waldorf 
crosses  the  ridge  the  territory  appears  promising,  especially  along 
the  anticline  and  on  its  east  side.  The  oil  which  is  supposed  to  rise 
on  the  steep  eastern  flank  of  the  fold  probably  docs  not  reach  far 
under  the  broad  western  flank.     South  of  Schinnann,  where  the  fold 
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becomes  more  nearly  normal,  both  flanks  will  probably  be  found 
productive  if  penetrated  deep  enough.  The  surface  structure  indi- 
cates that  the  oil  horizon  plunges  to  a  greater  and  greater  depth 
under  the  whole  region  southeast  of  Casmalia  CYeek.  The  anticline 
south  of  Antonio  is  well  defined  and  conditions  favor  the  presence 
of  oil  on  both  this  and  the  other  anticline  of  the  San  Antonio  terrace. 
The  main  anticline  on  the  coast  north  of  Point  Sal,  already  men- 
tioned, is  in  the  Vaqueros  and  is  doubtless  barren  of  oil.  North  of 
this  locality  the  Monterey  is  decidedly  bituminous,  but  no  special 
circumstances  point  to  the  existence  of  petroleum  in  large  quantity. 
It  is  quite  possible  that  the  region  north  of  Mussel  Rock,  the  next 
point  to  the  north,  would  prove  promising  if  the  surface  covering 
allowed  the  examination  of  the  underlying  formations  and  the  deter- 
mination of  anticlines.  The  structure  seems  to  cause  the  forma- 
tions to  plunge  toward  the  north  from  the  north  end  of  the  Casmalia 
Hills,  and  a  fairly  high  portion  of  the  Monterey  may  underlie  the 
region  at  the  mouth  of  the  Santa  Maria  Valley. 

BXJBTOH  XSSA. 

The  plateau  known  as  Burton  Mesa  is  a  region  of  numerous  low 
folds  in  the  Monterey.  Along  the  coast  the  flinty  shales  are  of  low 
dip,  but  folded  and  contorted  in  a  complex  way.  The  folds  indi- 
cated on  the  map  are  the  most  important  ones,  but  whether  or  not 
they  are  perfectly  continuous  units  across  the  mesa  can  not  be  defi- 
nitely ascertained  on  account  of  the  covering  of  sand  over  the  shale. 
The  mesa  appears  to  be  structurally  a  continuation  of  the  region 
near  Lompoc  as  much  as  it  is  of  the  Purisima  Hills,  although  topo- 
graphically it  is  a  continuation  of  the  latter.  In  the  neighborhood 
of  Pine  and  Santa  Lucia  canyons  there  is  a  thick  series  of  shales 
striking  far  to  the  north  of  west  and  directing  the  structural  lines 
across  the  Lompoc  Valley  as  if  to  join  those  in  that  region  that 
show  a  tendency  to  curve  northward.  West  of  Pine  Canyon  the 
strike  changes.  The  Pine  Canyon  anticline  shows  this  curving 
structure.  It  is  a  well-defined  fold  with  broad  summits  and  sup- 
ports on  its  flanks  a  considerable  thickness  of  shale.  The  dip  ranges 
from  10^  to  30°.  A  characteristic  appearance  of  the  shale  and  dip 
on  the  northeastern  flank  is  shown  in  PI.  IV,  B  (p.  36).  North  of 
this  fold  occur  a  number  of  minor  flexures  and  there  is  some  doubt 
as  to  the  continuity  of  the  anticline  mapped  at  the  head  of  Oak 
Canyon  with  the  well-defined  fold  near  the  coast  in  the  vicinity  of 
Canada  Tortuga.  A  well-marked  low  anticline  occurs  near  the  coast 
north  of  Lompoc  Landing  and  probably  continues  inland.  It  is 
probable  that  either  one  anticline  of  considerable  importance  or  sev- 
eral small  component  flexures  start  across  the  mesa  between  Tangair 
and  San  Antonio  Creek.     The  summit  of  all  these  anticlines  so  far 
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mentioned  on  Burton  Mesa  exposes  hard  shale  that  is  low  down  in 
the  Monterey,  and  it  is  prol)able  that  with  the  removal  of  all  of  the 
higher  portion  opportunity  has  been  offered  for  the  escape  of  the 
greater  part  of  the  oil  from  the  basal  beds. 

A  low  anticlinal  fold  occurs  in  the  northeast  comer  of  Burton  Mesa 
and  plimges  toward  the  southeast.  As  indicated  by  the  dotted  line 
on  the  map,  it  is  possibly  a  continuation  of  the  anticline  south  of 
Antonio  before  mentioned  and  another  on  the  east  edge  of  the  mesa 
that  is  discussed  in  connection  with  the  Purisima  Hills.  The  evi- 
dence of  folds  in  this  northeastern  portion  of  the  mesa  is  scanty,  but 
it  is  probable  that  where  they  occur  accumulations  of  oil  are  present. 

The  brittle  calcareous  and  flinty  shale  of  the  lower  portion  of  the 
Monterey  that  is  exposed  along  the  coast  edge  of  Burton  Mesa  is  verj^ 
bituminous.  The  petroleum  slowly  oozes  out  in  some  places  and 
collects  in  tarry  patches  over  the  shale.  Up  Oak  Canyon  the  shale  is 
bituminous,  pockets  of  tar  being  found  in  places  in  the  flint  on  the 
surface.  On  the  northern  border  of  the  mesa,  near  the  point  where 
the  road  to  Lompoc  comes  up  the  grade,  a  3-inch  bed  of  bituminous 
sand  was  found  traversing  the  shale  fairly  high  in  the  formation. 

PTTRISIKA  HILLS. 


The  Purisima  Hills  are  formed  by  one  broad  anticline  which  has  its 
axis  on  the  south  side  of  the  summit  of  the  dominating  ridge.  Through 
the  major  portion  of  this  anticline's  course,  from  the  region  north  of 
the  Hill  wells  to  a  point  beyond  Redrock  Mountain,  the  beds  lie 
almost  horizontal  on  its  summit,  becoming  gradually  steeper  up  to 
an  angle  of  15°  or  20°,  or  locally  even  40°,  within  a  mile  or  two  from 
the  axis.  The  general  trend  of  this  fold  is  more  to  the  north  of  west 
than  that  of  the  Los  Alamos  or  Santa  Ynez  valleys,  but  portions  of 
it  have  a  more  westerl}^  course,  as  at  the  west  end,  where  it  also 
becomes  a  steeper  fold.  At  the  east  end  it  has  the  dominant 
northwest-southeast  trend  characteristic  of  this  part  of  the  hills  and 
likewise  becomes  steeper.  It  is  a  fold  plunging  from  either  end 
toward  the  region  at  the  head  of  Cebada  Canyon,  where  the  axis 
of  the  depression  in  the  anticline  occurs.  This  depression  appears 
like  a  broad  syncline  crossing  the  anticline  at  right  angles,  with  the 
deepest  portion  of  its  trough  at  this  point. 

The  Purisima  Hills  anticline  can  not  be  traced  farther  westward 
than  is  shown  on  the  map,  but  at  the  west  end  there  seems  to  occur  a 
structural  offset  to  the  northwest,  a  poorly  exposed  anticline  about 
a  mile  from  the  end  of  the  main  fold  being  traceable  for  a  short  dis- 
tance and  seeming  to  mark  the  continuation  of  the  general  structure 
of  these  hills.  There  is  a  likelihood  that  oil  may  be  found  along  this 
fold  as  well  as  along  the  main  anticline. 
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FAULTS    AND    ASPHALT   DEPOSITS. 


A  thrust  fault  is  well  exposed  in  two  forks  of  Cebada  Canyon,  where 
the  Monterey  has  been  thrust  to  the  southwest  up  over  the  Fernando. 
The  dip  of  the  fault  plane  is  toward  the  northeast  at  an  angle  of  about 
30°.  The  movement  has  amounted  to  a  few  hundred  feet,  'fhe 
fault  zone  seems  to  continue  for  a  considerable  distance  toward  the 
northwest  and  to  be  marked  near  the  Wise  &  Denigan  oil  well  No.  8 
by  large  asphalt  deposits  occupying  fractures  in  the  Fernando  that 
dip  at  an  angle  corresponding  to  that  of  the  fault  plane.  The  asphalt 
back  of  the  Wise  &  Denigan  well  No.  1  is  probably  due  to  oil  tliat 
has  seeped  through  the  same  fractured  zone  and  collected  in  the 
sandy  capping. 

The  structure  of  these  hills  is  further  complicated  by  a  prominent 
overturned  anticline  in  the  Monterey  along  the  contact  with  the 
Fernando  southwest  of  Los  Alamos  and  by  what  appears  to  be  a  faidt 
exposed  near  the  mouth  of  Canada  Laguiia  Seca.  In  this  fault  the 
Fernando  limestone  and  sand  are  thrown  down  several  hundred 
feet  on  the  north,  at  the  edge  of  the  Los  Alamos  Valley. 

In  addition  to  the  deposits  above  noted,  asphalt  occurs  in  great 
abundance  south  and  east  of  Redrock  Mountain,  surrounded  by 
a  large  area  of  very  bituminous  shale  and  burnt  shale.  UndoubtcHlly. 
an  immense  amount  of  petroleum  has  escaped  here,  but  it  is  not 
probable  that  the  supply  is  exhausted.  On  the  contrary,  the  pres- 
ence of  this  petroliferous  material  on  the  surface,  coupled  with  the 
favorable  structural  conditions,  points  strongly  to  the  existence  of 
rich  oil  deposits  beneath. 

A  large  mass  of  asphalt  is  present  in  the  much-fractured  Monterey 
shale  west  of  La  Zaca  Creek,  and  very  l>ituminous  shale  approach- 
ing asphalt  in  character  occurs  on  the  creek  south  of  Zaca  station. 
The  shale  is  bituminous  throughout  the 'zone  of  disturbance  traversed 
by  this  creek  south  of  Zaca.  On  account  of  the  low  position  of  the 
strata  in  the  formation  and  the  severe  fracturing  and  folding  that 
have  taken  place,  it  seems  probable  that  the  conditions  have  been 
favorable  in  this  eastern  portion  of  the  Purisima  Hills  for  the  escape 
of  much  of  the  petroleum. 

Small  beds  of  bituminous  sands  interbedded  with  soft  shale  occur 
in  the  upper  portion  of  the  Monterey  just  east  of  Canada  de  la  Puenta, 
about  three-fourths  of  a  mile  south  of  the  Los  Alamos  Valley;  also 
on  the  north  side  of  the  Purisima  Hills  ridge,  about  2  miles  south 
of  Harris.  A  small  patch  of  shale  that  is  satiu'ated  with  bituminous 
material  is  exposed  in  the  canyon  followed  by  the  road  1  mile  south 
of  the  Los  Alamos  Oil  and  Development  Company  well  No.  1,  and 
the  shale  is  bituminous  in  the  neighborhood  of  the  Todos  Santos  well. 
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CONCLUSIONS    REOARDING    FUTURE    DEVELOPMENT. 

The  Purisima  Hills  anticlinal  fold  seems  to  oflFer  a  favorable  loca- 
tion for  oil  wells  along  most  of  its  south  flank.  Owing  to  the  plung- 
ing of  the  fold  toward  its  middle,  lower  and  lower  strata  are  reached 
as  "its  extremities  are  approached.  In  the  region  mapped  as  Fer- 
nando, between  the  Hill  wells  and  the  head  of  Canada  Laguna  Seca, 
the  summit  beds  of  the  Monterey  are  overlain  by  later  sand  and  a 
well  would  have  to  be  drilled  to  a  great  depth  before  reaching  the 
oil  horizon.  East  and  west  of  that  region  the  oil  horizon  probably 
approaches  nearer  to  the  surface.  In  the  vicinity  of  Redrock  Moun- 
tain, especially  to  the  west  of  it,  the  conditions  seem  very  favorable 
for  the  occurrence  of  oil.  Farther  east,  near  La  Zaca  Creek,  a  much 
lower  portion  of  the  Monterey  is  exposed  and  the  rocks  have  been 
aflFected  by  considerable  disturbance,  so  that  it  is  less  likely  that  large 
accumulations  of  oil  will  be  found  there. 

AEEA  AEOTTKD  SAIVTA  YNEZ. 

The  Santa  Ynez  anticline  is  a  distinct  steep  fold  exposed  southeast 
of  the  town  of  that  name.  It  supports  on  its  flanks  a  thickness  of 
at  least  2,500  feet  of  calcareous  and  porcelaneous  shales  belonging  to 
the  lower  portion  of  the  Monterey.  The  dips  at  the  axis  range 
between  50°  and  80°,  but  become  lower  toward  either  side.  This 
fold  is  seemingly  a  structural  continuation  of  that  of  the  Purisima 
Hills,  and  It  probably  extends  under  the  gravels  of  the  region  around 
Santa  Ynez,  its  axis  passing  approximately  under  that  town.  But 
it  is  doubtful  whether  it  is  actually  the  same  as  either  of  the  anti- 
clines that  are  shown  on  the  map  as  stopping  indefinitely  near  the 
east  end  of  the  Purisima  Hills.  The  terraced  stretch  between  La 
Zaca  Creek  and  Ballard  seems  from  the  fragmentary  evidence  obtain- 
able to  be  in  a  way  an  undulating  structural  plateau  formed  of  beds 
low  in  the  oil-bearing  shale,  dipping  at  slight  angles  in  various  direc- 
tions. It  is  probable  that  the  structure  of  the  Purisima  Hills  is 
here  interrupted,  but  continued  in  a  general  way  beyond  by  the 
Santa  Ynez  anticline.  Owing  to  the  low  position  of  the  beds  in  the 
formation,  the  chances  for  finding  a  considerable  amount  of  oil  along 
this  anticline  do  not  seem  to  be  as  good  as  farther  west.  No  sur- 
face evidence  of  petroleum  was  seen.  Any  definite  statements, 
however,  in  regard  to  the  region  between  Los  Olivos  and  Santa 
Ynez  River  and  between  La  Zaca  Creek  and  the  east  edge  of  the  area 
mapped  are  hazardous,  for  the  reason  that  the  widespread  terrace 
deposits  obscure  practically  all  of  the  structure. 
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SOLOKOK  HILLS  AHD  AREA  NORTH  OF  LOS  OLIVOS. 
GENERAL  FEATURES. 

Three  anticlines  dominate  the  structure  of  the  Solomon  Hills. 
These  are,  in  order  from  west  to  east,  the  Mount  Solomon  anti- 
cline (first  worked  out  and  named  by  W.  W.  Orcutt),  the  Gato  Ridge 
anticline,  and  the  La  Zaca  Creek-Lisque  Creek  anticHne.  In  addi- 
tion to  these  there  are  at  least  three  or  four  minor  anticlines  associ- 
ated with  the  first  named,  and  at  least  one  north  of  that  on  Gato 
Ridge. 

MOUNT   SOLOMON    AND    ASSOCIATED    ANTICLINES. 

Structure, — The  details  of  the  northwest  end  of  the  Mount  Solo- 
mon and  associated  anticlines  are  shown  on  the  contour  map  (PL  X, 
p.  92).  Whether  or  not  the  anticline  extending  through  the  Santa 
Maria  Oil  and  Gas  and  the  Escolle  properties  should  he  considered 
the  true  extension  of  the  Mount  Solomon  anticline,  or  whether  the 
Hartnell  anticline  should  he  so  considered,  is  impossible  to  decide 
with  the  data  at  present  available.  It  is  the  writers'  opinion  that 
the  Mount  Solomon  and  Hartnell  anticlines  are  the  result  of  the  same 
set  of  forces  and  should  therefore  be  considered  as  one  fold,  but  that 
the  evidence  offered  by  the  data  used  in  compiling  the  map  favored 
the  relations  shown  on  PI.  X.  The  mapping  of  the  Pinal,  Ilobbs,  and 
Newlove  anticlines  is  based  almost  entirely  on  evidence  furnished 
by  the  drill,  although  certain  superficial  evidence  strengthens  the 
theorj^  of  their  presence. 

The  southeastern  portion  of  the  Mount  Solomon  anticline  gradu- 
ally fades  out  into  the  southern  flank  of  the  Gato  Ridge  anticline, 
losing  its  individuality  toward  the  southeast  end  of  the  Mount  wSolo- 
mon  ridge.  The  northeastern  flank  of  the  anticline  is  much  the 
steeper,  dipping  from  20°  to  38°  in  the  region  of  Mount  Solomon, 
and  gradually  flattening  out  from  that  locality  southeastward. 

The  Western  Union  anticline  is  a  well-developed  flexure  with 
steep  northern  flank  just  south  of  the  eastern  group  of  Western 
Union  wells,'  but  its  identity  becomes  more  and  more  obscure  as  it 
fades  into  the  southwestern  flank  of  the  Gato  Ridge  anticline  in  a 
similar  manner  to  the  Mount  Solomon  anticline,  just  south  of  the 
latter's  southeast  end. 

The  relations  existing  between  the  Mount  Solomon  and  Schu- 
mann anticHnes  are  vague,  although  it  is  certain  that  they  are  not 
in  alignment  and  therefore  can  not  possibly  be  one  continuous  feature. 
If  the  Hartnell  and  Mount  Solomon  anticlines  are  considered  as  one, 
the  relations  which  exist  between  this  united  anticline  and  the  Schu- 
mann anticline  are  exactly  analogous  to  those  which  exist  between 
the  Mount  Solomon  and  Gato  Ridge  and  the  Gato  Ridge  and  La 
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Zaca  Creek-T^isque  Creek  anticlines,  viz,  the  adjacent  anticlines  are 
en  Echelon  with  each  other,  each  pluno;ing  down  past  the  end  of  its 
neighbor.  Graciosa  and  Harris  canyons,  particularly  the  former, 
are  the  superficial  reflection  of  the  syncline  between  the  ends  of  the 
Mount  Solomon  and  Schumann  anticlines,  and  Solomon  Canyon  and 
Canada  de  los  Alisos  occupy  analogous  ])ositi()ns  between  the  Mount 
SolouKMi  and  Gato  Ridge  and  the  Gato  Ridge  and  La  Zaca  Creek- 
Liscjue  Creek  anticlines,  respectively. 

Asphaltum  depos^its. — Practically  the  whole  top  of  Graciosa  Ridge 
is  capped  by  j)ost-Monterey  sandstones  and  conglomerates,  which 
are  heavily  charged  with  asphaltum.  Asphaltum  also  occurs  as 
veins  penetrating  the  Monterey  and  post-Monterey  beds  at  the 
east  end  of  the  ridge,  and  a  fine  example  of  asphaltum  veins  and  vein- 
lets  filling  the  joint  cracks  in  the  Monterey  is  to  be  seen  beside  the 
road  leading  up  to  the  Santa  Maria  Oil  and  Gas  (Squires)  well  No.  4. 
This  occurrence  of  the  asphaltum  in  the  joint  cracks  of  the  shale 
gives  a  clew  to  the  probable  channels  through  which  the  oil  migrated 
from  the  depths  to  the  surface,  and  leads  to  the  general  conclusion 
that  joint  cracks  are  the  reservoirs  and  channels  of  migration  of  the 
oil  in  many  of  the  productive  strata  of  this  field. 

Conclusions  regarding  future  development. — It  is  obvious  from  a 
glance  at  the  contour  map  (PI.  X,  p.  92)  and  a  perusal  of  the  detailed 
description  of  the  developed  areas  that  practically  all  of  the  terri- 
tory covered  by  contour  lines  is  productive.  The  only  part  of  the 
regi(m  about  which  the  compiler  of  the  map  has  any  misgivings  as  to 
productiveness  is  that  occupying  a  general  synclinal  position  south 
of  tlie  great  bend  in  the  Mount  Solomon  anticline.  These  misgivings 
are  partially  alleviated,  however,  by  the  idea  that  probably  the 
position  of  the  territory  in  question  on  the  flanks  of  Graciosa  Ridge, 
which  is,  broadly,  a  quaquaversal  fold  or  dome,  may  exert  enough 
control  on  the  oil  to  cause  its  collection  there  at  least  in  paying 
quantities,  if  not  in  the  remarkable  measure  found  in  other  parts  of 
this  field.  The  region  adjacent  to  the  southeast  end  of  the  axis  of 
the  Mount  Solomon  anticline  ought  to  be  productive.  The  beds  on 
the  northeastern  flank  dip  more  steeply  than  those  on  the  south- 
western, and  the  first  productive  stratum  is  thought  to  be  at  a  lower 
horizon  in  the  shale  on  the  former  flank  than  on  the  latter,  so  that  it 
is  probable  that  the  oil  zone  will  be  struck  at  a  greater  depth  from 
the  surface  northeast  of  the  anticline  than  southwest  of  it. 

GATO    RIDGE    ANTICLINE. 

Structure. — The  Gato  Ridge  anticline  extends  from  the  top  of  the 
ridge  just  east  of  the  mouth  of  Solomon  Canyon  to  a  point  some- 
where near  the  middle  of  the  triangle  formed  by  Canada  de  los 
Alisos,  Cuaslui  Creek,  and  Foxen  Canyon.     It  follows  very  closely 
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the  crest  of  the  ridge  between  Canada  del  Gato  and  Solomon  Canyon 
and  for  a  considerable  distance  to  the  east  is  coincident  with  the 
highest  topographic  features.  In  general,  the  anticline  plunges  from 
the  southeast  toward  the  northwest,  the  lowest  beds  along  its  axis 
being  exposed  in  the  region  of  Canada  Arena.  The  Fernando  is  the 
only  formation  exposed  along  the  entire  length  of  the  anticline. 
With  the  exception  of  some  diatomaceous  beds  which  closely  resemble 
and  were  at  first  mistaken  for  Monterey  shale,  the  rocks  exposed  are 
sandstone  and  conglomerate. 

The  northwestern  portion  of  the  fold,  from  the  Howard  Canyon 
road  northwestward,  is  a  gentle  arch  with  dips  on  the  flanks  rarely 
more  than  5°,  except  northwest  of  Los  Alamos,  where  the  dips  of 
some  of  the  youngest  beds  exposed  change  abruptly  from  3°  or  4°  to 
15°.  The  northwestern  extremity  of  the  anticline  fades  off  into  the 
low  slopes  toward  the  Santa  Maria  Valley.  From  Howard  Canyon 
eastward  the  southerly  dip  increases  rapidly  in  steepness  until  in  the 
region  of  Canada  de  los  Coches  it  attains  a  slope  of  25°  to  35°,  the 
steepest  dip  being  at  the  junction  of  the  canyon  last  named  and 
Canada  Arena.  Although  the  southerly  dip  increases  in  steepness 
toward  the  east  along  the  anticline,  the  dip  of  the  northern  slope 
becomes  less,  ranging  from  12°  or  15°  in  the  region  of  Howard  Can- 
yon to  3°  or  4°  just  west  of  Canada  Arena,  and  finally  changing  to  a 
gentle  southward  slope  in  the  region  of  C\iaslui  Creek,  thus  fading 
into  the  southern  flank  of  one  of  the  folds  emanating  from  the  region 
at  the  head  of  Round  Corral  Canyon  and  Asphaltum  Creek.  In  the 
region  of  Cuaslui  Creek  the  flexure  is  therefore  not  a  typical  anti- 
cline in  the  regularly  accepted  sense,  the  horizontal  being  used  as 
datum,  but  in  everj'  other  way  it  conforms  to  the  characters  of  such 
a  structural  feature. 

On  the  ridge  north  of  the  central  portion  of  Canada  del  Gato  and 
extending  indefinitely  northwestward  out  into  the  Santa  Maria  Val- 
ley a  mile  or  so  southwest  of  Gar^^  is  a  low  anticline,  the  southeastern 
end  of  which  mei^es  into  the  almost  horizontal  northern  flank  of  the 
Gato  Ridge  anticline.  At  no  place  along  its  course  is  this  stnictural 
feature  well  developed,  although  it  appears  to  be  fairly  persistent 
for  a  considerable  distance. 

Evidences  of  petroleum, — Very  little  surface  evidence  of  the  exist- 
ence of  petroleum  in  the  Gato  Ridge  anticline  is  to  be  had  along  its 
course.  Near  its  axis  in  Cuaslui  Creek  and  north  of  the  head  of 
Howard  Canyon,  however,  the  Fernando  shale  is  slightly  bitumi- 
nous. The  Pezzoni  well,  in  Canada  Arena;  the  Williams  well,  near 
Canada  del  Gato,  li  miles  west  of  the  Howard  Canyon  road,  and  the 
Pahner  Oil  Company's  well  No.  1,  1  mile  west  of  the  lower  part  of 
Canada  del  Gato,  all  approximately  a  mile  north  of  the  anticline, 
offer  indisputable  evidence  of  the  presence  of  the  oil-bearing  rocks 
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along  a  coiisiderable  extent  of  its  northern  flank.  In  the  region  of 
the  Pezzoni  well  an  unproductive  oil  and  gas  bed  is  encountered  at 
about  1,200  feet  below  the  surface,  immediately  followed  by  a  dia- 
base or  lava  rock  in  which  the  ferromagnesian  minerals  have  been 
weathered  to  serpentine.  In  the  Williams  well  the  same  or  a  similar 
oil  and  gas  bed  occurs  much  lower.  The  well  was  abandoned  owing 
to  the  terrific  gas  pressure,  which  heaved  heavy  tar  up  into  the  hole 
and  stopped  operations.  The  Palmer  well  is  productive,  yielding  oil 
of  16°  or  17°  gravity.  Although  not  directly  associated  with  the 
minor  anticline  northeast  of  Canada  del  Gato,  the  asphaltum  occur- 
ring at  Fugler  Point,  1  mile  north  of  Gary,  is  important  in  indicating 
the  probable  presence  of  petroleum  in  the  upper  end  of  the  Santa 
Maria  Valley. 

Conclusions  regarding  future  development. — The  region  north  of  the 
Gato  Ridge  anticline,  from  the  vicinity  of  Cuaslui  Creek  westward  to 
a  point  at  least  a  mile  beyond  the  Howard  Canyon  road,  is  underlain 
by  strata  so  nearly  horizontal  as  to  preclude  their  containing  very 
productive  accumulations  of  petroleum.  North  and  northwest  of 
this  region,  however,  especially  near  the  axes  of  the  Gato  Ridge 
anticHne  and  the  anticline  north  of  it,  the  indications  are  good  for 
productive  wells.  The  conditions  for  the  accumulation  of  petro- 
leum are  also  good  along  and  just  south  of  the  axis  of  the  Gato  Ridge 
anticline  in  the  vicinity  of  Cuaslui  Creek  and  from  this  locality  west- 
ward to  the  upper  portion  of  Canada  de  los  Codies.  The  same  might 
be  said  of  the  immediate  vicinity  of  the  row  of  prominent  knobs 
which  extend  in  a  straight  line  northwestward  for  5  miles  from  a 
point  about  a  mile  north  of  Los  Alamos,  and  possibly  also,  but  in  a 
less  degree,  for  the  territory  between  these  knobs  and  the  axis  of  the 
anticline.  These  knobs  mark  an  abrupt  change  in  the  dip  of  the 
beds  from  3°  to  12°  SW.  to  35°  or  40°  or  possibly  more,  in  the  same 
direction.  Wells  would  have  to  be  sunk  to  a  considerable  depth 
along  this  last-mentioned  line  to  reach  the  oil  horizons,  but  if  oil  was 
encountered  at  all  it  would  probably  be  in  such  quantities  as  to  pay 
for  the  deep  holes. 

LA    ZACA    ChEEK-IJSQUE    CREEK    ANTICLINE. 

Structure. — The  La  Zaca  Creek-Lisque  Creek  anticline  extends  from 
the  ridge  southeast  of  Canada  del  Comasa  southeastward  at  least  as 
far  as  the  edge  of  the  Lompoc  quadrangle  east  of  Santa  Agueda 
Creek.  Its  course  is  practically  straight  except  at  the  northwestern 
extremity,  which  bows  around  toward  the  southwest  and  is  en  Echelon 
with  the  east  end  of  the  Gato  Ridge  anticline.  The  dips  along  the 
axis  are  low  in  both  directions,  but  distant  from  it  they  are  much 
steeper,  being  as  high  as  30°  or  more  to  the  northeast  on  the  second 
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ridge  east  of  Figueroa  Creek,  as  shown  in  PI.  VI,  A  (p.  46),  and  30° 
SW.  at  the  junction  of  Figueroa  and  Liscjue  creeks. 

Conclusions  regarding  future  development. — No  indications  of  petro- 
leum were  noticed  in  proximity  to  this  anticline,  and  it  is  ahnost  cer- 
tain that  no  productive  wells  will  be  developed  on  that  part  of  it 
which  lies  within  the  Lompoc  quadrangle,  with  the  possible  excep- 
tion of  a  small  area  at  its  west  end.  There  are  good  reasons  for 
believing  that  the  oil-bearing  beds  are  absent  from  most  of  its  north- 
ern flank,  and  if  present  under  certain  portions  of  its  southern  flank 
they  lie  at  such  a  depth  as  to  preclude  their  successful  exploitation. 

SUMMARY  OF  CONCLUSIONS    REGARDING   FUTURE  DEVELOP- 
MENT. 

There  can  be  no  doubt  that  the  region  treated  in  this  report  is  one 
of  great  promise.  The  structural  and  other  conditions  in  general 
favor  not  only  much  more  extensive  development  of  the  territory 
that  has  already  been  tested,  but  also  the  development  of  new  fields. 
It  must  be  borne  in  mind  continually,  however,  that  absolute  deter- 
mination, by  work  on  the  surface,  of  the  possibilities  of  occurrence 
or  nonoccurrence  of  oil  in  any  one  locality  is  not  possible.  The 
best  that  can  be  done  is  to  calculate  the  degree  of  probability  on 
the  basis  of  a  summation  of  surface  indications  and  structural  con- 
ditions. 

The  following  is  a  list  of  the  tracts  that  appear  especially  to  invite 
testing  with  the  drill.  Most  of  them  liave  been  discussed  in  the 
foregoing  pages: 

North  an(i  northeast  of  8is<iuoc  post-office,  along  anliclini's. 

Gtmcral  region  east  and  west  of  Tepusquet  Creek. 

Indefinite  area  west  of  Gary,  alxjut  Fugh*r  Point. 

Santa  Rita  Hills  anticline. 

Near  the  coast  north  of  Schumann  Canyon. 

Schumann  anticline  in  southeastern  part  of  Casmalia  Hills. 

Two  anticlines  on  San  Antonio  terrace. 

Questionable  region  at  mouth  of  Santa  Maria  Valley. 

Northeastern  portion  of  Burton  Mesa. 

Purisima  Hills  anticline,  more  especially  the  south  side. 

Anticline  at  head  of  Santa  Lucia  Canyon. 

R«»gion  alx)Ut  Mount  Solomon  and  related  anticlines. 

Along  Gato  Ridge  anticline  and  south  of  it  between  Canada  de  los  Alisos  and  Canada 
de  loe  Coches. 

Row  of  knobs  extending  5  miles  northwestward  from  a  point  about  1  mile  north  of 
Loe  Alamos  and  the  territory  between  these  knobs  and  the  Gato  Ridge  anticline. 

Region  northwest  of  the  head  of  Howard  Canyon,  especially  along  the  axis  of  the 
anticline  south  of  Gary. 

Arroyo  Grande  field.     (See  pp.  107-108.) 
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DEFINITION  OF  FIELDS. 

In  the  following  paragraphs  are  discussed  the  more  important 
details  regarding  the  structure,  geology,  oil  zones,  oil,  and  production 
in  the  areas  in  which  development  is  well  under  way.  These  areas 
within  the  Loinpoc  and  Guadalupe  quadrangles  fall  naturally  into 
two  fields — the  Santa  Maria  field  and  the  Lompoc  field.  The  former 
covers  the  whole  territory  between  the  Los  Alamos  and  Santa  Maria 
valleys,  and  the  latter  is  used  to  designate  the  region  south  of  the  JjOS 
Alamos  Valley.  A  third,  the  Arroyo  Grande  field,  covering  the  ter- 
ritory north  and  northwest  of  the  town  of  that  name  in  San  Luis 
Obispo  County,  Ues  to  the  north  of  the  region  mapped,  but  is  briefly 
discussed.  A  note  on  the  Huasna  field,  east  of  Arroyo  Grande,  is 
also  appended. 

SANTA  MARIA  FIELD. 
CONTOUR   MAP. 
WHAT  IT  SHOWS. 

The  contour  map  of  the  Santa  Maria  field  (PI.  X)  shows  the  bound- 
aries of  the  different  properties,  the  approximate  location  of  all  the 
wells,  and  the  general  structure  of  the  field.  The  structure  is  indi- 
cated by  contours  showing  the  distance  below  sea  level  of  a  hypo- 
thetical horizon,  zone,  or  bed,  which  just  reaches  sea  level  at  the  ^ 
highest  part  of  the  axis  of  the  Mount  Solomtm  anticline.  The  con- 
tour interval  is  100  feet.  By  means  of  this  map  the  direction  and 
amount  of  dip  of  the  strata  in  the  oil-bearing  Monterey  shale  may  be 
calculated  for  any  point  in  the  field,  as  the  contour  lines  show  the 
direction  of  strike  (to  wliicli  the  dip  is  at  right  angles),  and  the  hori- 
zontal distance  l)etween  auy  two  c(mtours  is  the  distance  through 
which  the  beds  dip  100  feet  at  that  particular  point. 

BASIS  OF  COKTOUE  MAP. 

The  property  lines  were  sketched  from  a  map  kindly  furnished  by 
Frank  M.  Anderson.  The  wells  were  located  in  the  field  by  the  eye, 
supplemented  by  pacing  and  in  some  instances  by  information  fur- 
nished by  the  managers  of  properties.  The  log  of  every  w^ell  in  the 
area  either  finished  or  down  any  considerable  distance  in  August, 
1906,  was  used  in  the  determination  of  the  structure  and  the  com- 
pilation of  the  data  concerning  the  oil  zones.  All  additional  informa- 
tion available  up  to  January  15,  1907,  has  been  used  in  a  revision  of 
the  contouring.  All  of  the  obtainable  surface  evidence  of  dip  and 
strike  of  the  beds  was  also  used  in  the  preparation  of  the  map.  In 
every  case  where  the  surface  and  well-log  evidence  were  at  variance 
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the  latter  was  followed.  In  the  Fernando  formation,  which  uncon- 
formably  overlies  the  Monterey  shale,  it  was  natural  to  expect  vari- 
ance with  the  structure  in  the  Monterey,  but  even  here  the  surface 
evidence  more  often  supported  than  contradicted  the  evidence 
obtained  by  the  drill. 

DIFFIOULTIES  OF  PREPAKATIOK. 

After  carefully  plotting  all  the  logs  on  a  uniform  scale  it  was  found 
that  the  greatest  obstacle  to  overcome  in  the  preparation  of  the  con- 
tour map  was  the  correlation  of  strata  from  one  well  to  another*  and 
from  one  part  of  the  field  to  another.  The  diflBculties  of  such  corre- 
lations are  doubtless  familiar  to  anyone  who  has  tried  to  work  out 
the  underground  structure  of  any  of  the  California  fields.  The  Santa 
Maria  field  offers  as  much  encouragement  to  successful  study  and 
mapping  of  the  underlying  oil-bearing  formations  as  any  other  so  far 
examined  by  the  senior  author,  and  so  the  effort  has  been  made  to 
delineate  on  the  map  all  the  details  of  structure  furnished  by  the 
data  available,  and  to  supplement  these  details  by  showing  for  the 
untested  areas  what  seem  to  be  the  most  likely  conditions  of  under- 
ground structure.  It  is  verj"  easy  to  make  an  ambiguous  statement 
which  will  apply  equally  well  to  any  conditions  exposed  by  future 
development,  no  matter  what  they  may  be;  but  it  is  impossible  to 
make  an  ambiguous  map.  However,  it  is  deemed  advisable  to  show 
the  information  in  hand,  incomplete  as  it  is,  on  a  map.  Future 
development  will  doubtless  add  much  to  our  knowledge  of  this  field, 
and  will  show  the  inaccuracies  of  the  contouring  as  here  presented, 
but  it  is  hoped  that  the  benefits  which  may  accrue  to  the  operators 
from  a  knowledge  of  the  general  structure  of  the  field  will  compen- 
sate in  a  measure  for  the  errors  in  detail  which  are  to  be  expected  in 
a  map  based  on  data  so  incomplete. 

TUE    WELLS. 
AEEAS  DISCUSSED. 

For  convenience  of  discussion  the  proved  portion  of  the  Santa 
Maria  field  has  been  roughly  divided  into  six  areas,  based  largely 
on  the  geographic  position  of  the  wells.  The  following  are  the  areas 
discussed:  Hall-Hobbs-Rice  ranch;  Pinal-Fox-Hobbs ;  Pinal-Fol- 
som-Santa  Maria  Oil  and  Gas-Escolle;  Ilartnell-Brookshire;  Gra- 
ciosa- Western  Union;  and  eastern  Western  Union. 

OIL  ZONES. 

Although  in  many  instances  detailed  correlation  from  one  well 

to  another  is  impossible,  four  fairly  well  defined  oil  zones  are  believed 

to  be  recognizable  in  the  Santa  Maria  field.     Of  these  at  least  two 

are  found  in  practically  every  part  of  the  field,  although  all  vary 

1784— Bull.  322—07 7 
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more  or  less  in  thickness,  composition,  and  yield  from  well  to  well. 
The  most  persistent  zone  in  that  part  of  the  field  which  is  best 
developed  at  the  present  time  is  the  second,  or  B  zone.  Above 
this  in  many  of  the  wells  is  zone  A;  in  others  zone  C  is  penetrated 
below  it.  The  upper  zone  in  the  eastern  group  of  Western  Union 
wells,  although  above  what  is  supposed  to  be  the  horizon  of  B,  is 
probably  considerably  above  the  A  zone  of  the  northern  part  of  the 
field,  where  it  appears  to  have  no  correlative. 

With  the  exception  of  the  lowest  zone  in  the  wells  in  the  eastern 
part  of  the  field  and  of  a  few  others  mentioned  in  the  detailed  dis- 
cussion of  the  local  areas,  the  oil  zones  appear  to  represent  fractured 
portions  of  the  shales,  the  interstices  in  the  breccia  or  possibly  joint 
cracks  in  the  beds  being  the  reservoirs  for  the  storage  of  the  oil. 
The  exceptions  to  the  brecciated  productive  zones  are  apparently 
typical  sands  and  gravels. 

HALL-HOBBS  RICE  KAKOH  AKSA. 
LOCATION    AND   STRUCTURE. 

The  area  here  discussed  comprises  the  California  Coast,  Meridian, 
Coblentz,  Santa  Maria  Oil  Company  (Keyser),  Hall  &  Hall,  New 
Pennsylvania,  Rice  ranch,  and  Dome  properties  and  the  north- 
eastern part  of  the  Hobbs  lease,  and  occupies  the  ridges  and  canyons 
which  extend  northward  from  the  east  end  of  the  main  Graciosa 
Ridge.  The  wells  are  located  on  the  northwestern  flank  of  the 
Mount  Solomon  anticline,  at  or  immediately  northwest  of  the  ter- 
ritory, in  which  it  swings  from  a  northeastward  to  a  southeastward 
trend.  In  addition  to  the  main  anticline  there  appear  to  be  one  or 
more  local  flexures  involved  in  the  structure  of  the  field,  the  Hobbs 
anticline  and  the  syncline  between  it  and  the  Mount  Solomon  anticline 
being  the  most  prominent.  The  characteristics  and  extent  of  these 
features  as  they  are  believed  to  exist  are  portrayed  on  the  contour 
map  (PI.  X): 

GEOLOGY   OP  THE   WELLS. 

Nearly  all  the  wells  in  this  area,  with  the  exception  of  the  Hall, 
Meridian,  and  Coblentz  start  down  in  the  Monterey  shale.  Those 
farthest  away  from  the  top  of  the  ridge,  other  things  being  equal, 
have  to  penetrate  farthest  through  the  Fernando  clay,  sand,  and 
conglomerate.  Up  to  the  present  time  the  greatest  thickness  of  the 
Fernando  penetrated  before  reaching  the  shale  is  650  feet,  and  much 
trouble  was  experienced  in  going  through  it  in  this  well,  the  forma- 
tion being  mostly  sand.  From  the  top  of  the  Monterey  shale  to  the 
bottom  of  the  wells  the  rooks  are  largely  blue  and  brown  shales, 
with  only  here  and  there  interbedded  hard  '^shelF'  layers.     In  fact, 
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one  log  reports  ^*no  shell'^  until  the  first  oil  zone  is  reached.  Wher- 
ever ^'sheir'  is  penetrated  accumulations  of  gas  or  oil  or  both  are 
generally  encountered.  The  shale  seems  to  be  somewhat  more  sandy 
in  this  area  than  farther  west  or  in  the  Graciosa- Western  Union 
region. 

Three  oil  zones  are  recognizable  in  the  area  imder  discussion, 
although  practically  all  the  strata  from  the  top  of  the  uppermost 
zone  to  the  bottom  of  the  lowest  are  more  or  less  petroliferous  at 
one  point  or  another. 

The  first  productive  zone  (A)  is  penetrated  at  a  depth  of  1,600 
to  2,100  feet,  varying  according  to  the  position  of  the  well  geograph- 
ically and  relatively  to  the  axis  of  the  anticline.  Its  top  is  from  550 
to  700  feet  above  the  top  of  zone  B  in  this  area.  Zone  A  is  produc- 
tive for  a  distance  in  the  wells  of  20  to  more  than  500  feet.  Of  course 
this  does  not  mean  that  the  beds  are  productive  in  any  one  well  for 
the  whole  distance  of  500  feet,  but  that  throughout  the  zone  alternat- 
ing barren  and  productive  beds  occur  at  such  close  and  as  a  rule 
irregular  intervals  as  to  preclude  their  practical  differentiation.  The 
productive  measures  in  this  first  zone  consist  both  of  hard  frac- 
tured shale  or  ^'shelF^  and  more  or  less  porous  sandy  layers.  In  at 
least  one  of  the  wells  the  oil  accmnulates  only  under  the  hard  *' shell" 
layers.  Zone  A  is  the  only  one  penetrated  by  some  of  the  wells 
farthest  away  from  the  anticlinical  axis.  In  these  wells  it  appears 
to  be  much  more  petroliferous  than  in  wells  higher  up  on  the  fold. 

The  second  oil  zone  (B)  is  from  550  to  700  feet  below  the  top  of 
zone  A,  and  its  upper  limit  is  about  300  or  400  feet  above  the  top  of 
zone  (\  although  it  can  hardly  be  said  to  be  distinct  from  C  in  all 
the  wells,  so  rich  in  oil  are  some  of  the  intervening  strata  between 
them.  True  sands  of  medium  grain,  in  addition  to  the  productive 
hard  shale,  yield  the  oil  in  this  zone. 

The  third  oil  zone  (C)  is  encountered  in  some  of  the  deeper  wells 
nearest  the  axis  of  the  main  anticline.  This  zone  has  been  pene- 
trated for  as  much  as  150  feet,  the  whole  distance  being  very  rich 
in  petroleum.  It  is  overlain  by  a  considerable  thickness  of  black 
shale,  also  more  or  less  petroliferous,  between  which  and  the  rich 
zone  is  a  thin,  hard  *' shell"  layer.  The  oil-yielding  rock  is  a  true 
sand,  coarse  in  places  and  even  becoming  pebbly  toward  its  base  in 
certain  portions  of  the  area.  To  the  coarseness  of  the  material  is 
doubtless  due  the  great  productiveness  of  the  zone. 


The  oil  in  the  Ilall-IIobbs-Rice  ranch  area  runs  from  26°  to  29° 
Baum^  and  is  dark  brown  in  color.  Cras  accompanies  the  oil  and  also 
occurs  isolated  under  some  of  the  more  impervious  "shell"  layers 
in  the  shale.     No  water  is  reported  in  any  of  the  wells. 
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The  production  of  the  wells  ranges  from  300  to  something  over 
2,000  barrels  per  day.  Those  wells  which  penetrate  the  lowest  or  C 
zone  are  the  best  producers.  It  is  said  that  where  a  number  of  wells 
are  located  comparatively  near  together  the  production  of  each  well  is 
largely  dependent  on  whether  or  not  the  adjacent  wells  are  producing, 
a  fluctuation  of  50  per  cent  resulting  from  this  cause  in  some  instances. 

PIKAL-FOX-BOBBS  AREA. 

LOCATION    AND   STRUCTURE. 

The  area  comprising  the  Fox  lease,  the  southwestern  part  of  the 
Hobbs  lease,  and  the  northeastern  portion  of  the  Pinal  property, 
occupies  the  ridge  and  two  adjacent  canyons  which  extend  north- 
ward from  the  central  portion  of  Graciosa  Ridge.  The  wells  are 
located  in  an  area  of  considerable  structural  disturbance  caused  by 
the  development  of  two  local  anticlines  on  the  northwestern  flank  of 
the  main  Mount  Solomon  anticline.  These  two  minor  flexures  have 
been  named  after  the  companies  under  whose  property  they  are  best 
developed.  Although  the  position  assigned  to  them  on  the  map  is 
more  or  less  hypothetical,  the  evidence  in  favor  of  it  is  fairly  complete, 
and  their  location  explains  some  of  the  variations  in  production  of 
adjacent  wells. 

OEOLOOY    OF   THK    \VKI,i-H, 

Practically  all  the  wells  within  this  area  start  in  the  Monterey 
shale,  and  this  is  the  prevailing  formation  to  their  bottoms.  Certain 
portions  of  the  shale  are  burnt  to  a  brick-red  color  by  the  combustion 
of  their  hydrocarbon  contents,  the  burnt  shale  being  encountered  as 
low  as  330  feet  in  one  of  the  wells.  The  burning  has  so  hardened  the 
shale  in  places  as  to  render  drilling  in  them  more  diflicult.  A  hard 
limestone  *'  shell "  layer  was  encountered  in  one  of  the  wells  just  above 
the  second  (B)  oil  zone.  Tar  or  asphaltum  occurs  in  some  of  the  wells 
at  a  depth  of  about  600  feet,  in  others  at  various  depths  from  200  to 
1,200  feet.  The  tar  is  in  many  wells  associated  with  black  shale. 
Gas  accumulations  under  "shell''  and  other  impervious  layers  are  of 
common  occurrence  both  in  the  oil  zones  and  locally  in  the  barren 
overlying  shale.  Water  is  encountered  in  some  of  the  wells  at 
depths  ranging  from  150  to  270  feet.  This  occurrence  is  noteworthy, 
as  the  wells  in  the  group  to  the  east  are,  so  far  as  known,  quite  free 
from  water  in  the  shale.  Its  occurrence  in  the  Fernando  sands  and 
conglomerates  is  to  be  expected,  but  its  presence  in  sands  inter- 
bedded  with  the  shale  is  unusual  for  this  field. 

The  first  oil  zone  (A)  is  penetrated  in  the  wells  in  this  area  at 
depths  ranging  from  a  little  more  than  1,600  to  2,650  feet,  or  between 
400  and  600  feet  above  zone  B.  (See  PI.  X,  p.  92.)  Petroliferous 
strata  occur  in  some  of  the  wells  above  this  horizon,  but  they  are  of 
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little  consequence  as  regards  production.  The  thickness  of  zone  A 
in  the  wells  ranges  from  8  or  10  to  nearly  150  feet,  but  several  more 
or  less  important  oil-bearing  zones  lie  between  this  and  the  next 
lower  (B)  zone.  The  productive  measures  of  zone  A  consist  largely 
of  brown  shale,  probably  seamed  or  jointed  in  such  a  way  as  to  afford 
a  reservoir  for  the  oil,  although  certain  of  the  w^ells  may  obtain  their 
product  from  fine-grained  sands  interstratified  with  the  shale. 

The  second  oil  zone  (B)  is  the  most  important  one  in  this  area, 
although  it  is  underlain  over  at  least'a  part  of  the  area  by  zone  C,  which 
is  apparently  even  more  productive.  The  thickness  of  zone  B  is 
variable,  but  most  of  the  wells  penetrate  from  50  to  150  feet  of  pro- 
ductive strata  at  this  horizon.  The  oil-bearing  beds  are  similar  to 
those  of  zone  A  and  appear  to  consist  largely  of  hard  shales,  with 
some  fine  sands,  although  some  excellent  examples  of  a  true  siliceous 
sand  are  obtained  in  many  of  the  wells.  A  hard  Hmestone  ^* shell*' 
overlies  zone  B  in  onawell. 

The  third  oil  zone  (C)  is  penetrated  by  some  of  the  deeper  wells 
at  a  depth  of  about  300  to  400  feet  below  zone  B.  In  one  of  the 
wells  zone  C  appears  to  be  missing,  although  a  good  flow  of  oil  is 
reported  from  the  same  hole  about  500  feet  below  where  it  should 
occur. 

Water  underlies  oil-zone  B  in  one  of  the  wells  and  zone  C  in  another. 
This  occurrence  of  water  below  the  oil,  so  common  in  most  fields, 
is  very  rare  in  this  one.  Whether  or  not  in  the  course  of  time  water 
will  follow  up  the  oil  in  the  productive  zones  is  something  that  will 
be  awaited  with  a  great  deal  of  interest.  Some  of  the  wells  in  the 
Santa  Maria  field  have  been  stopped  in  the  midst  of  productive  strata 
for  fear  of  encountering  water  farther  down,  but  whether  or  not 
these  fears  were  well  founded  has  never  been  established. 


The  oil  from  this  group  of  wells  is  of  a  dark-brown  color  and 
ranges  in  gravity  from  24^  to  28°  Baum6,  the  lighter  oil  usually  occur- 
ring in  the  wells  nearest  the  main  anticline;  the  average  gravity  is 
between  25°  and  26°.  Much  gas  is  associated  wnth  the  oil  in  all  the 
wells. 

The  production  of  the  individual  wells  ranges  from  60  to  1,000 
barrels  per  day,  the  latter  amount  coming  from  a  hole  very  eccentric 
in  its  behavior,  as  shown  by  its  yield  of  200  barrels  on  some  days 
and  as  high  as  1,000  on  others;  the  average  daily  production  for  this 
well  is  300  barrels.  With  the  eccentric  well  omitted,  the  maximum 
production  is  about  500  barrels  per  day.  One  well  which  produced 
150  barrels  from  zones  A  and  B  added  350  barrels  to  its  output  when 
deepened  to  zone  C. 
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PIKAL-FOLSOK-SAKTA  KA&IA  OIL  AKD  OA8-ESG0LLE  AEEAS. 

LOCATION    AND   STRUCTURE. 

The  area  discussed  in  this  section  comprises  the  Folsoin  lease,  the 
southern  part  of  the  Pinal  property,  the  central  and  southern  portion 
of  the  Santa  Maria  Oil  and  Gas  lease,  and  the  Escolle  property  of 
the  Union  Oil  Company.  The  wells  are  located  on  the  west  end  of 
Graciosa  Ridge  and  in  the  canyons  on  its  sides.  The  region  is  largely 
covered  by  the  Fernando  sandstone  and  conglomerate  **cap  rock,'' 
although  the  Monterey  shale  is  exposed  in  the  side  canyons.  The 
structure  underlying  this  part  of  the  field  is  comparatively  simple 
so  far  as  known,  the  main  Mount  Solomon  anticline,  which  plunges 
northwestward  through  its  center,  being  the  only  fold  of  consequence 
immediately  affecting  the  area.  The  mapping  of  the  anticline  near 
Escolle  well  No.  3  is  based  entirely  on  the  evidence  offered  by  the 
well  logs,  which  is  at  variance  with  the  northwesterly  dips  in  the 
Fernando  in  the  vicinity  of  Escolle  wells  Nos.  2  and  3. 

OKOLOC.Y    OF   THE    WELLS. 

Those  wells  which  start  in  the  Fernando  remain  in  this  formation 
for  distances  ranging  from  a  few  feet  to  nearly  300  feet,  the  strata 
penetrated  being  sand  and  conglomerate.  In  the  region  of  Escolle 
well  No.  1  and  Folsom  well  No.  1  the  Fernando  appears  to  be  excep- 
tionally deep,  extending  nearly  300  feet  below  the  surface,  and  to 
consist  largely  of  conglomerate.  One  of  the  wells  reports  red  con- 
ghm^erate  at  30  to  90  feet  below  the  surface;  whether  this  is  burnt 
shale  so  hardened  as  to  come  out  of  the  well  in  fragments  of  consid- 
erable size  or  whether  it  is  true  water-worn  material  is  not  known. 
Asphaltum  is  reported  at  the  base  of  the  Fernando  in  some  of  the 
wells,  and  may  also  be  seen  at  the  contact  between  the  Monterey 
shale  and  overlying  beds  at  many  places  in  this  area.  (See  PI. 
XI,  A.)  The  channels  through  which  this  material  has  escajx^d 
from  the  shale  are  undoubtedly  joint  cracks,  as  veins  of  the  hardened 
asphaltum  may  be  seen  in  the  shale  beside  the  road  leading  up  to 
Santa  Maria  Oil  and  Gas  (S(|uires)  well  No.  4  and  at  other  points  in 
the  field.  From  the  base  of  the  Fernando  to  the  bottom  of  the  wells 
the  strata  j)enetrated  are  practically  all  shale  with  a  few  hard  *' shell" 
layers,  under  which  occur  accumulations  of  gas  and  locally  of  oil. 

A  zone  in  Which  '* shells"  appear  to  be  particularly  abundant 
immediately  overlies  the  first  oil  zone.  Traces  of  tar  and  asphaltum 
are  also  reported  in  the  shale  at  various  depths.  Two  zones  in 
which  many  hard  limestone  "shells"  layers  are  encountered  are 
reported  from  some  of  the  wells;  one  of  these  is  about  500  feet  above 
the  second  oil  zone  (B),  and  the  other  immediately  underlies  it. 
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A.     DARK-COLORED  FOSSILIFEROUS  BREA  DEPOSIT  OVERLYING  MONTEREY  SHALE. 

Graciou  Ridge  at  Folsom  well  No.  3;   Pinal  camp  on  left  and  Santa  Maria  Valley  in  distance.     Looking 
north.     Photograph  by  Ralph  Arnold. 


B.     SADDLE  IN   MONTEREY,   FERNANDO,   AND   PLEISTOCENE   BEDS. 


Graciosa  Ridge  at  Hartnell  well  No 
upper  right.  Monterey  i  Miocene 


1,  near  Orcutt;    Pleistocene  on  left,  Fernando  (Pliocene)  in 
in  saddle.     Looking  east.     Photograph  by  Ralph  Arnold. 
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The  first  oil  zone  (A),  which  lies  from  250  to  500  feet  above  zone  B, 
is  struck  at  depths  ranging  from  1,400  to  2,450  feet.  Its  thickness 
ranges  from  a  few  feet  to  about  50  feet;  according  to  the  logs  it  is 
lacking  in  some  of  the  wells,  the  first  oil  being  encountered  in  zone  B. 
The  oil-bearing  strata  in  zone  A  are  largely  shale,  which  afford  a 
reservoir  for  the  oil,  probably  on  account  of  their  fractured  condition. 
Beds  of  fine  sand  in  this  zone  may  also  contain  some  of  the  petroleum. 

The  second  oil  zone  (B),  occurs  at  depths  of  1,950  to  3,150  feet 
and  is  penetrated  by  all  of  the  wells  in  this  area.  It  ranges  in  thick- 
ness from  nearly  50  to  about  250  feet,  in  the  wells;  one  of  the  wells, 
however,  is  said  to  encounter  petroliferous  beds  intermittently  from 
the  top  of  zone  B  for  a  distance  of  550  feet  downward.  The  oil- 
bearing  strata  consist  of  alternating  layers  of  hard  shale  and  fine 
sandstone. 

The  third  oil  zone  (C),  occurs  from  500  to  600  feet  lower  in  the 
wells  than  zone  B  and  consists  of  two  parts,  each  from  25  to  50  feet 
thick,  separated  by  a  layer  of  shale  of  variable  thickness;  in  one  of 
the  wells,  however,  the  intervening  shale  is  missing  and  the  strata 
are  richly  impregnated  vnth  oil  from  the  top  of  the  zone  for  a  distance 
of  250  feet  downward,  to  a  point  where  a  3-foot  layer  of  water  sand 
limits  the  productive  zone.  In  practically  all  the  wells  in  the  field 
zone  C  is  very  rich,  and  nearly  all  the  wells  tapping  it  are  fine  pro- 
ducers. 

PRODUCT. 

The  oil  obtained  in  the  area  under  discussion  averages  somewhat 
better  than  that  in  the  area  to  the  east,  and  has  a  gravity  of  26^  to  28° 
Baum^,  with  an  average  somewhere  between  26°  and  27°.  As  is  com- 
mon in  other  portions  of  the  field,  the  gas  pressure  in  most  of  the 
wells  is  high. 

The  production  of  the  individual  wells  ranges  from  100  to  2,700 
barrels  per  day,  the  well  yielding  the  latter  amount  being  said  to  have 
had  an  initial  daily  output  of  5,000  barrels  for  a  short  time.  In  one 
series  of  wells  those  dovm  the  dip  are  more  productive  than  those 
nearer  the  axis  of  the  anticline,  the  variation  being  at  least  partially 
accounted  for  by  a  thickening  of  the  oil  zone  away  from  the  axis. 

HABTVELL-BROOKSHIRE  AEEA. 

LOCATION    AND    STRICTIRE. 

The  area  comprising  the  southern  portion  of  the  Hartnell  tract 
and  Brookshire  property  and  the  southeastern  portion  of  the  Radium 
lease  is  located  on  or  adjacent  to  the  ridge  running  northwestward 
from  a  point  near  the  west  end  of  Graciosa  Ridge,  and  in  the  broad 
valley  to  the  south.     The  major  structural  feature  developed  in  the 
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beds  underlying  the  area  is  a  northwestward-plunging  anticline  which 
is  here  called  the  '*  Hartnell. "  There  is  both  surface  and  underground 
evidence  of  its  presence,  but  its  exact  location  is,  of  course,  only  con- 
jectural. As  will  be  noticed  on  examining  the  map  (PL  X,  p.  92) 
the  northern  flank  of  the  anticline  is  much  steeper  than  the  south- 
western, this  fact  apparently  having  a  direct  bearing  on  the  produc- 
tiveness of  the  wells  penetrating  this  flank. 

OEOIXKIY   OF  THK    WKLLS. 

The  surface  distribution  of  the  formations  in  the  immediate  vicinity 
of  the  little  swale  on  the  ridge  in  which  Brookshire  wells  Nos.  3  and  4 
are  situated  is  very  interesting.  The  bottom  of  the  swale  is  Monterey 
(Miocene)  shale;  unconformably  overlying  this  on  the  south  is  fossil- 
iferous  Fernando  (Pliocene)  sandstone  and  conglomerate;  immedi- 
ately north  of  the  swale  is  terrace-deposit  (Pleistocene)  sandstone. 
(See  PL  XI,  B,)  It  has  been  suggested  that  such  a  condition  is  most 
easily  explained  by  the  presence  of  a  fault  through  the  swale,  the 
downthrow  being  on  the  north.  The  logs  of  the  wells  in  the  immediate 
vicinity,  however,  offer  evidence  that  such  .is  not  the  case,  but  that 
the  underlying  Monterey  strata,  followed  almost  immediately  north 
of  the  swale*  by  fossiliferous  Fernando  beds,  plunge  steeply  north- 
ward and  are  overlain  unconformably  by  the  low-dipping  or  prac- 
tically horizontal  terrace  beds  which  are  exposed  on  the  ridge  north 
of  the  swale.  Some  of  the  wells  starting  in  the  post-Monterey  forma- 
tions penetrate  sand  and  gravel  for  a  distance  of  more  than  600  feet 
before  entering  the  Monterey.  Limestone,  probably  corresponding 
to  the  limy  layers  associated  with  fossiUferous  beds  at  the  base  of  the 
Fernando  in  the  railroad  cut  north  of  Schumann,  is  reported  as  occur- 
ring next  to  the  Monterey  shale  in  one  of  the  wells.  Water  is  encoun- 
tered in  gravel  at  various  horizons  in  the  Fernando  between  the  depths 
of  150  and  600  feet.  Hartnell  well  No.  3  and  Brookshire  well  No.  1 
(the  latter  about  half  a  mile  northeast  of  the  area  under  discussion), 
which  penetrate  the  water-bearing  Fernando,  are  used  as  w^ater  wells. 
From  the  base  of  the  Fernando  to  their  bottoms  the  wells  penetrate 
blue  and  brown  shale,  and  very  rarely  fine  sandy  layers.  ** Shell" 
strata,  many  of  them  underlain  by  gas  and  some  by  oil  and  gas,  are 
encountered  here  and  there  throughout  the  shale. 

The  first  oil  zone  (A)  occurs  about  400  feet  above  zone  B,  is  struck 
at  depths  ranging  from  2,150  to  more  than  3,000  feet,  and  is  said  to 
be  from  2  to  5  feet  thick.  On  examination  of  the  material  coming 
from  this  and  the  underlying  productive  zones,  it  is  quite  apparent 
that  the  oil  must  come  from  the  joint  cracks  or  interstices  between 
the  fragments  of  more  or  less  fractured  shale,  as  no  true  sands  of  suffi- 
cient coarseness  to  allow  the  rapid  transmission  of  the  oil  have  been 
ieiil-pilai^ped  in  the   productive   zones   in   the  wells   of   this  group. 
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Between  the  first  zone  and  the  one  that  has  been  recognized  as  the 
second,  or  zone  B,  are  one  or  more  productive  zones  2  to  15  feet  thick. 
No  two  wells  show  the  same  sequence  of  these  zones  and  they  prob- 
ably represent  places  of  local  fracturing. 

The  second  oil  zone  (B)  is  thought  to  be  fairly  constant  through- 
out the  area.  It  consists  of  alternating  barren  and  productive  layers 
of  shale,  some  of  the  productive  layers  being  from  a  few  feet  to  as 
much  as  20  feet  thick.  Below  the  main  or  upper  part  of  this  zone 
are  other  productive  layers,  some  at  least  200  feet  below  zone  B. 
The  oil-bearing  measures  in  these  zones,  as  in  zone  A,  are  probably 
nothing  more  or  less  than  fractured  portions  of  the  shale. 


The  oil  from  the  wells  in  this  area  runs  from  24°  to  26°  Baurn6,  and 
is  dark  brown  in  color  with  the  exception  of  that  from  one  of  the 
wells,  which  is  said  to  be  a  reddish  emulsion  of  oil  and  water.  All 
the  wells  show  much  gas,  the  best  producers,  especially,  being  under 
heavy  pressure. 

The  production  of  the  individual  wells  in  this  group  ranges  from 
an  initial  output  of  12,000  barrels  per  day  in  one  well  to  a  daily  aver- 
age of  150  barrels  in  another.  The  following  statement  concerning 
the  production  of  Hartnell  well  No.  1,  the  greatest  producer  in  the 
California  oil  fields,  has  been  kindly  furnished  by  Mr.  Orcutt,  of  the 
Union  Oil  Company:  > 

Well  (Hartnell  No.  1)  started  to  flow  over  derrick  through  S^-inch  and  between  this 
and  lO-ineh  casing  December  3,  1904.  Gas  pressure  was  very  heavy,  estimated  at  400 
pounds  per  square  inch — was  probably  much  higher,  however.  Oil  was  measured  in 
an  open  ditch  by  use  of  a  miner's-inch  measuring  l>ox,  and  showed  31  miner's  inches, 
or  alxjut  12,000  barrels  per  day.  The  flow  continued  for  about  sixty  days  and  gradu- 
ally weakened.     September  1,  1905,  the  well  was  doing  3,009  barrels  per  day. 

The  oil  was  stored  in  earthen  reservoirs,  and  the  production  to  the  above  <late  is  esti- 
mated at  1,500,000  barrels  from  this  well  alone,  l^p  to  August  15,  190G,  the  total  pro- 
duction for  the  well  was  something*  over  2,000,000  barrels. 

The  gas  accompanying  the  initial  flow  of  oil  was  estimatcMl  at  4,000,000  cubic  feet 
p<*r  day.  After  the  well  had  been  gotten  under  control  it  furnished  gas  for  running 
20  l)<)iler8  for  well-drilling  rigs,  and  in  addition  supplied  the  town  of  Orcuit  ( jM)pula- 
tion  alMHit  200)  with  gas  for  domestic  purposes.  At  the  pnscnt  time  it  is  still  yielding 
a  coimtant  flow,  which  is  used  for  many  purjMisj's  in  Orcutt. 

ORACIOSA-WESTERN  ITVIOK  AREA. 
LOCATION    AND    STHICTUHK. 

The  wells  at  the  northeast  corner  of  the  Graciosa  and  northwestern 
comer  of  the  Western  Union  properties  are  located  on  the  point  of 
the  ridge  which  runs  southward  for  more  than  a  mile  from  the  main 
Graciosa  ridge.  The  structure  of  the  beds  underlying  the  devel- 
oped area  is  apparently  simple,  as  they  are  on  the  southwestern 
flank  of  the  hypothetical  Newlove  anticline.     At  least  two  minor 
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folds  occur  on  this  flank,  one  apparently  passing  through  Western 
Union  wells  Nos.  21  and  22  and  the  other  occurring  from  three-eighths 
to  five-eighths  of  a  mile  farther  northwest.  The  Newlove  anticline  as 
shown  o :\  the  map  is  wholly  hypothetical.  It  is  the  expression  of  the 
most  plausible  explanation  of  the  relationship  which  is  supposed 
to  exist  between  the  known  Graciosa- Western  Union  and  the  eastern 
Western  Union  well  areas.  The  surface  evidence  of  the  structure 
consists  of  a  10°  SE.  dip  in  the  Fernando  beds  just  north  of  the 
Graciosa  wells,  together  with  some  more  or  less  uncertain  dips  in  the 
Monterey  toward  the  head  of  the  ridge,  approximately  parallel  with 
which  the  anticline  is  supposed  to  run. 

OEOLOGY    OP   THE    WELLS. 

The  wells  all  start  in  the  sands  of  the  Fernando,  penetrating  this 
formation  for  70  to  300  feet.  No  water  is  reported  from  this  sand, 
but  asphaltiim  is  said  to  have  been  found  at  its  base  in  one  of  the 
wells.  From  the  base  of  the  Fernando  to  the  top  of  the  main  pro- 
ductive zone  the  formation  consists  of  blue  and  brown  shales  with 
many  hard  ''sheir*  layers,  some  beds  of  sticky  shale,  and  rarely  a 
little  sandy  material.  Streaks  of  asphaltimi  are  reported  as  occur- 
ring in  the  shale  in  some  of  the  wells,  and  in  others  gas  is  present 
under  some  of  the  '^shells.'' 

The  first  oil  zone  (B  of  the  northern  part  of  the  field)  is  reported 
from  only  one  well,  where  it  is  nearly  200  feet  thick  and  is  encountered 
at  a  depth  of  about  2,075  feet.  Gas  is  associated  with  the  oil  in  this 
zone. 

The  second  and  important  oil  zone  of  this  area  (C)  is  struck  at 
depths  ranging  from  2,670  to  something  more  than  3,800  feet,  and 
lies  about  600  feet  lower  in  the  wells  than  zone  B,  which  is  apparently 
unproductive  in  most  of  the  wells.  According  to  the  data  in  hand, 
the  productive  zone  ranges  in  thickness  from  18  to  about  240  feet 
and  consists  of  alternating  light  and  dark  flinty  shales  interbedded 
with  varying  amounts  of  sandy  shale.  No  true  sand,  as  ordinarily 
implied  by  the  name,  occurs  in  the  productive  zone  of  this  area,  so 
far  as  the  writers  were  able  to  learn. 


The  oil  from  zone  C  runs  from  25°  to  27°  Baum6,  averaging  well 
up  between  26°  and  27°,  and  has  a  brownish  color.  It  comes  from 
the  wells  at  a  temperature  of  about  95°  F.  and  is  usually  accompanied 
by  much  gas.  Certain  of  the  wells,  however,  are  said  to  show  a 
comparatively  low  gas  pressure. 

The  production  of  the  individual  wells  ranges  from  300  to  3,000 
barrels  per  day,  the  flow  of  many  being  unusually  strong.  None  of 
the  wells  have  been  allowed  to  produce  up  to  their  full  capacity, 
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owing  to  the  lack  of  storage  and  transportation  facilities,  so  that 
even  had  they  been  down  long  enough  for  a  thorough  test  (which 
is  hardly  the  case,  inasmuch  as  nearly  all  have  been  finished  since 
1904)  no  definite  conclusions  could  be  drawn  concerning  their  lasting 
properties. 

EASTERN  GROUP  OF  WESTERN  TTNIOK  WELLS. 
LOCATION    AND    STRUCTURE. 

The  eastern  wells  of  the  Western  Union  Company  are  located  near 
the  head  of  one  of  the  branches  of  the  broad  valley  which  extends^  east- 
northeastward  from  Harris  Canyon,  at  Blake,  and  are  about  5  miles 
southeast  of  Orcutt.  They  are  from  one-half  to  three-fourths  of  a  mile 
east  of  the  west  property  line  of  the  company  and  close  to  the  north 
line.  Slightly  more  than  half  a  mile  to  the  northeast  of  the  wells  is 
the  axis  of  the  Mount  Solomon  anticline,  from  the  southwestern  flank 
of  which  the  wells  derive  their  oil.  The  structure  in  the  immediate 
vicinity  of  the  wells,  as  indicated  by  the  logs  (see  PI.  X,  p.  92),  is  more 
or  less  complicated,  the  general  strike  of  the  beds  apparently  changing 
abruptly  from  northwest  to  southwest  immediately  northwest  of  the 
group.  Furthermore,  a  local  flexure  with  northeast-southwest  strike 
inmnediately  underlies  the  developed  territory,  and  a  pronounced 
anticline  (here  named  the  "Western  Union")  with  a  steep  northeast- 
em  flank  lies  just  to  the  south.  There  is  no  surface  evidence  of  the 
northeast-southwest  disturbance,  but  the  Western  Union  anticline 
is  plainly  to  be  seen  in  the  Fernando  beds.  The  dip  of  the  beds  on  the 
southwestern  flank  of  this  fold  ranges  at  the  surface  from  15"*  at  the 
west  end  of  the  hill  south  of  the  wells  to  10°,  and  possibly  much  less, 
one-half  mile  to  the  southeast.  The  maximum  northeasterly  dip  of 
45-  occurs  south  of  well  No.  18,  but  the  slope  rapidly  decreases  both  to 
the  northwest  and  southeast.  As  nearly  as  could  be  ascertained  from 
the  available  data,  the  production  of  the  wells  in  this  gro\ip  supports 
the  anticlinal  theory  of  the  accumulation  of  petroleum — that  is,  for 
an  equal  thickness  of  productive  zone  the  wells  near  the  axis  of  the 
anticline  in  the  local  flexure  are  more  productive  than  those  farther 
away  from  it. 

r.KOLOCY    (»F   THK    WKU.S. 

The  wells  start  in  soil,  but  soon  enter  the  clay,  sand,  and  conglom- 
erate layers  of  the  Fernando,  which  is  the  surface  formation  in  tliis 
part  of  the  field.  The  Fernando  beds  are  penetrated  for  100  to  250 
feet,  varying  with  the  location  of  the  well,  the  wells  on  the  north,  as 
would  be  expected  after  an  examination  of  the  surface  geolog\^,  pass- 
ing through  it  in  the  shortest  distance.  Water  and  quicksand  were 
encountered  in  at  least  two  of  the  wells  in  the  lower  portion  of  the 
Fernando;  in  another,  asphaltum  occurs  at  the  base  of  the  formation. 
From  the  base  of  the  Fernando  to  the  first  oil  zone  the  wells  penetrate 
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blue  and  l)rown  shales,  largely  the  latter,  interstratified  with  hard 
^'sheir^  layers,  under  some  of  which  are  accumulations  of  gas. 

The  first  oil  zone  is  struck  at  a  depth  of  1,200  to  1,800  feet,  and 
ranges  in  thickness  from  12  to  75  feet,  although  in  some  of  the  wells 
sands  are  encountered  at  intervals  for  at  least  250  feet  below  the  top 
of  the  first  sand.  The  oil  sand  is  as  a  rule  rather  fine  grained  and  is 
accompanied  both  above  and  below  by  shale  and  rarely  by  shell.  In 
some  of  the  wells  the  oil  zone  appears  to  be  practically  continuous 
sand  for  its  entire  thickness;  in  others,  alternating  sand  and  shale 
layers  furnish  the  oil. 

A  second  oil  zone  occurs  about  1,200  feet  below  the  first,  the  entire 
distance  between  the  two  being  occupied  by  shale,  with  a  few  hard 
'^shel^'  layers.     Very  little  oil  occurs  at  this  horizon. 

A  third  oil  zone  about  150  feet  thick  is  penetrated  2,100  feet  l)elow 
the  first,  the  formation  between  the  second  and  third  zimes  being  prac- 
tically all  shale.  Comparatively  little  oil  was  obtained  from  this  zone 
in  this  part  of  the  field,  although  it  is  thought  to  be  the  same  as  the 
one  which  is  so  productive  in  the  Graciosa  Western  ITnicm  area  only 
half  a  mile  to  the  west.  This  may  be  accounted  for  by  the  general 
synclinal  position  of  the  eastern  group  between  the  Momit  Solomon 
and  hypothetical  Newlove  anticlines. 


The  oil  in  the  first  productive  zone  has  an  average  gravity  of  about 
19°  Baume  and  is  \ery  dark  colored.  Gas  is  associated  with  the  oil, 
but  no  water  has  so  far  been  reported  from  any  of  the  wells. 

The  production  of  the  wells  in  this  group  ranges  from  5  to  154  bar- 
rels per  day.  The  yield  of  some  of  the  wells  is  fairly  constant,  show- 
ing only  a  small  decrease  in  average  daily  output  over  a  considerable 
number  of  months;  in  others,  however,  the  yield  is  fluctuating. 

LOMPOC  FIELD. 
LOCATION. 

The  developed  territory  within  tlie  Lompoc  field,  on  which  the  fol- 
lowing discussion  is  based,  lies  on  the  flanks  of  the  Purisima  Hills  be- 
tween the  Cebada  Canyon  and  Santa  Lucia  Canyon  roads.  Within  it 
are  located  the  liOgan  well  of  the  Los  Alamos  Oil  and  Development 
Company;  the  Hill,  Wise  &  Denigan,  and  Eefson  wells  of  the  Union 
Oil  Company;  and  the  abandoned  wells  of  the  Todos  Santos,  Coast 
Line,  and  Barca  oil  companies. 

STRUCTURE. 

The  dominant  structural  feature  of  the  field  is  the  main  anticline 
of  the  Purisima  Hills.     From  surface  evidence  the  location  of  the 
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anticline  is  believed  to  be  that  shown  on  the  map  (PI.  I,  in  pocket); 
from  the  .evidence  offered  by  the  logs  of  the  Hill  and  Logan  wells  the 
axis  of  the  anticline,  so  far  as  it  affects  the  oil-bearing  beds  of  this  part 
of  the  field,  might  better  be  drawn  through  Hill  well  No.  1 ,  extending 
westward  and  eastward  (swinging  to  the  north  in  both  directions)  to 
the  points  where  the  ''surface'*  anticline  passes  from  the  Fernando 
to  the  Monterey.  In  either  location,  however,  the  anticline  has  a 
steeply  dipping  northern  flank  and  a  low-dipping  and  probably  undu- 
lating southern  flank. 

A  fault,  clearly  seen  on  the  east  side  of  Cebada  Canyon  and  traced 
by  deposits  of  asphaltum  over  portions  of  the  rest  of  its  course, 
extends  from  a  point  a  short  distance  east  of  Cebada  Canyon  north- 
westward at  least  as  far  as  the  brea  deposits  near  Wise  &  Denigan 
w^ell  Xo.  1.  This  is  clearly  a  reverse  fault  in  the  Cebada  Canyon 
region,  supposed  Monterey  diatomaceous  shale  being  thrust  up  on  the 
uorth  over  Fernando  sandstone  which  lies  south  of  the  line,  the  dip 
of  the  fault  plane  being  about  30°  toward  the  north.  Mr.  Orcutt 
suggests  that  this  fault  probably  causes  the  difference  in  yield  be- 
tween Hill  wells  Nos.  2  and  3.  The  sand  is  struck  about  700  feet 
lower  in  No.  3  than  in  No.  2,  and  is  barren  in  the  former  but  produc- 
tive in  the  latter.  The  dip  in  the  strata  (if  the  anticline  affecting 
the  oil  sands  passes  south  of  well  No.  2)  might  account  for  the  differ- 
ence in  depth  of  the  oil  sand  in  the  two  wells,  but  it  alone  would 
hardly  account  for  the  tlifference  in  saturation  of  the  sands.  It  is 
quite  possible  that  the  fault  (which  theoretically  emerges  somewhere 
near  Hill  well  No.  4)  passes  downward  at  such  an  angle  as  to  cut  the 
oil  sand  between  Hill  wells  Nos.  2  and  3,  throws  the  sand  down  on  the 
north,  and,  while  acting  as  an  outlet  for  the  oil  in  the  sand  for  some 
distance  on  its  northern  or  upper  side,  effectively  seals  up  the  trun- 
cated end  of  the  same  sand  on  its  southern  or  lower  side.  This 
hypothesis  assumes  a  downthrow  on  the  north,  a  condition  exactly 
opposite  to  that  shown  at  the  surface  in  Cebada  Canyon.  Alternate 
upthrow  and  downthrow  on  the  same  side  of  a  single  fault  occurring 
at  different  times  are  not  unusual  in  the  Coast  Ranges,  so  that  such 
an  explanation  is  not  only  possible  but  probable.  To  conform  to  the 
prevailing  conditions  the  downthrow  must  have  been  on  the  north 
in  pre-Femando  and  on  the  south  in  Fernando  or  post-Feniando 
time. 

The  logs  of  the  Wise  &  Denigan  wells  indicate  a  more  or  less  local 
anticline  in  the  Monterey.  Its  axis  passes  near  well  No.  2  of  this  group, 
and  probably  extends  in  an  east-west  direction  parallel  to  the  major 
lines  of  structure  in  the  hills  immediately  to  the  nortli.  This  occur- 
rence suggests  the  probable  gentle  folding  of  the  Monterey  in  the 
region  south  of  the  Purisima  Ilills,  in  a  manner  similar  to  that  which 
takes  place  under  Burton  Mesa  farther  west. 
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GEOLOGY. 
OXNEEAL  STATEKSNT. 

All  the  productive  wells  in  the  Lompoc  field  start  in  the  Fernando 
formation  and  penetrate  its  clays,  sandstones,  and  conglomerates 
for  distances  ranging  from  45  to  800  feet.  The  great  variation  in  the 
thickness  of  the  Fernando  in  adjacent  wells  (the  beds  over  much  of 
the  territory  being  nearly  horizontal,  implies  great  inequalities  in  the 
surface  of  the  underlying  Monterey  shale,  and  this  in  turn  signifies  a 
profoimd  imconformity  between  the  two  formations.  Water  is 
encountered  in  the  Fernando  at  various  depths  in  the  different  wells. 

From  the  base  of  the  Fernando  to  the  top  of  the  oil  sand  the  wells 
pass  through  shale  (largely  '^ brown,'*  according  to  the  logs).  Hard 
siliceous  '^shell"  layers  are  encountered  here  and  there  in  this  shale, 
and  in  one  well  hard  limy  '^shells"  were  struck  at  only  1,180  feet 
from  the  surface.  These  limy  layers  are  abundant  in  the  formation 
just  above  the  oil  zone,  but  are  not  foimd  in  most  of  the  wells  above 
this  horizon. 

Oil  and  gas  are  found  in  minor  quantities  in  the  shale  at  various 
depths,  from  500  feet  down  in  some  of  the  wells  in  the  northern  part 
of  the  developed  area,  although  such  occurrences  are  not  recorded  for 
the  wells  in  the  southern  part. 

BTTRNT  SHALE. 

One  of  the  most  interesting  features  of  the  geology  of  the  Monterey 
shale  in  this  area  is  the  evidence  that  combustion  has  taken  place 
within  it  at  certain  points  about  1,000  feet  below  the  surface.  Mr. 
Orcutt,  of  the  Union  Oil  Company'',  exhibited  samples  of  red  shale 
coming  from  depths  of  950  and  1,040  feet  below  the  surface  in  Hill 
well  No.  1,  which  are  identical  in  appearance  and  texture  to  the  burnt 
shale  found  so  abundantly  in  the  bituminous  areas  of  the  Monterey 
on  the  north  side  of  the  Santa  Maria  field  and  in  other  fields  through- 
out the  State.  Traces  of  petroleum  were  associated  with  the  upper 
stratum  of  burnt  shale  in  Hill  well  No.  1. 

OIL   ZONES. 

The  principal  productive  oil  zone  in  the  Lompoc  field  is  struck  at 
deptlis  below  the  surface  ranging  from  about  2,200  to  more  than 
4,100  feet.  In  nearly  all  the  wells  the  productive  strata  are  overlain 
by  a  more  or  less  prominent  series  of  limy  *^  shell "  layers,  which  appar- 
ently act  as  barriers  to  the  upward  migration  of  the  oil  at  the  present 
time.  The  beds  beneath  these  limy  '\shells"  are  true  sands  in  most 
places,  although  in  some  of  the  wells  these  sands  are  iuterstratified 
with  varying  quantities  of  shale  and  limestone  '^shells."  The  thick- 
ness of  the  oil  zone  varies  from  about  160  to  700  feet,  and  a  productive 
series  of  sands,  shales,  and  ^^ shells'*  is  said  to  be  penetrated  for  a 
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distance  of  1,100  feet  in  one  well.     Either  water  sand,  dry  oil  sand,  or 
limy  ''sheir^  usually  defines  the  base  of  the  productive  zone. 

THE   OIL. 

Two  grades  of  oil  are  struck  in  this  field,  one  a  black  oil  with  a 
gravity  of  18^  to  24°,  the  other  a  brown  to  greenish  oil  of  about  35° 
Baum^.  The  black  oil  is  produced  by  most  of  the  wells,  the 
lighter  variety  coming  only  from  the  Logan  well  of  the  Los  Alamos 
Oil  and  Development  Company  and  the  No.  3  Wise  &  Denigan  well 
of  the  Union  Oil  Company.  The  relations  of  occurrence  of  the  two 
grades  are  not  known.  One  of  the  wells  yields  an  emulsion  of  water 
and  20°  oil,  which  is  reddish  brown  in  color  as  it  comes  from  the  well. 
This  oil  turns  to  the  usual  black  color  on  separation  of  the  water  by 
settling. 

PRODUCTION. 

The  production  of  the  individual  wells  ranges  from  100  to  1,000 
barrels  per  day,  the  best  producers  averaging  from  300  to  500  barrels. 
One  of  the  wells  which  gave  an  initial  output  of  200  to  300  barrels  at 
first,  suddenly  began  flowing  1,000  barrels  per  day.  This  continued 
for  a  few  days  and  then  gradually  fell  off  to  300  barrels,  which  it  is 
still  yielding.  It  is  said  that  the  wells,  as  a  rule,  are  exceptionally 
steady  producers,  falling  ofl*  but  little  in  the  two  years  since  the  field 
was  first  opened.  Very  few  of  the  wells  have  been  tried  to  their  full 
capacity,  so  that  it  is  probable  that  yields  greater  than  those  men- 
tioned will  be  recorded  when  the  field  is  fully  tested. 

ARROYO  GRANDE  FIELD. 

LOCATION. 

Drilhng  has  recently  shown  that  at  least  certain  portions  of  the 
region  north  and  northwest  of  Arroyo  Grande,  in  the  San  Luis  quad- 
rangle, San  Luis  Obispo  County,  a  short  distance  north  of  the  area 
shown  on  PI.  I,  are  underlain  by  productive  oil  formations.  The 
successful  wells  belong  to  the  Tiber  Oil  Company,  and  are  located  on 
the  west  side  of  Price  Canyon  about  3  miles  northeast  of  Pismo  and 
7  miles  slightly  east  of  south  of  San  Luis  Obispo.  Although  outside 
of  the  immediate  area  covered  by  this  report  the  occurrence  is  so 
important  in  showing  an  extension  of  the  Santa  Maria  district  toward 
the  northwest  as  to  merit  mention  here. 

GEOLOGY. 

The  geology  of  the  San  Luis  quadrangle  has  been  mapped  and 
described  by  11.  W.  Fairbanks  in  the  San  Luis  folio.«     According  to 

oCopie«  of  this  folio,  whkh  is  No.  101  in  the  sories  making  up  the  (Jcologic  Atlas  of  the  I'nitcd  States, 
should  be  in  the  hands  of  every  oil  man  <ir  other  jM-rson  interrstod  in  the  natural  resourees  of  this  region; 
it  may  be  obtainetl  for  25  t^uts  from  the  Dinvtor  of  the  United  States  Geological  Sur>ey,  Washington, 

b.c. 
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this  work  nearly  all  of  the  territory  of  the  hills  between  San  Luis 
Obispo  Creek  and  the  Arroyo  Grande  Valley,  with  the  exception  of 
a  rather  small  area  of  Monterey  volcanic  ash,  shale,  and  diatoma- 
ceoiis  earth  north  of  Pismo,  is  covered  by  the  Pismo  formation. 
This  formation  is  composed  of  sandstone,  some  of  which  is  asphaltic, 
and  cherty  diatomaceous  beds,  and  is  the  equivalent  of  the  lower 
part  of  the  Fernando  formation  as  described  for  the  hills  adjacent  to 
the  south  side  of  the  Santa  Maria  Valley.  The  Pismo  is  unconform- 
ably  underlain  by  the  Monterey  shale,  which  outcrops  on  either  side 
of  it. 

STRUCTURE. 

According  to  Fairbanks,  the  Pismo  area  forms  a  low  syncline, 
striking  northwest  and  southeast,  its  flanks  resting  against  the  up- 
turned Monterey. 

OCCURRENCE  OF  THE  OIL. 

The  oil  is  derived  from  a  great  thickness  of  productive  sands  which 
probably  represent  the  base  of  the  Pismo  and  which  rest  upon  the 
upturned  and  more  or  less  contorted  shale  of  the  Monterey.  Its 
occurrence  in  beds  occupying  a  synclinal  position  is  worthy  of  note, 
as  ordinarily  synclines  are  not  highly  productive.  The  Monterey  is 
the  oil-bearing  formation  in  the  Santa  Maria  district,  and  it  is  the 
ultimate  source  of  the  oil  in  this  field  also.  The  migration  of  the  oil 
probably  took  place  along  joint  cracks  in  the  shale,  as  was  the  case 
with  the  asphaltum  in  the  Santa  Maria  and  other  fields.  The  oil,  on 
reaching  the  upper  limit  of  the  shale  passed  across  the  plane  of  uncon- 
fonnity  and  accumulated  beneath  an  impervious  shale  in  the  porous 
sands  at  the  base  of  the  Pismo.  Where  this  porous  layer  approaches 
the  surface  the  more  volatile  parts  of  the  oil  have  escaped  and  there 
remains  nothing  but  the  bitumen,  while  the  more  deeply  covered 
sands  retain  the  oil  in  its  lighter  and  liquid  state.  The  migration  of 
the  oil,  as  in  ever}^  similar  case  coming  under  the  notice  of  the  writers, 
has  been  accompanied  by  a  loss  of  its  volatile  constituents  and  a  con- 
sequent lowering  of  the  gravity.  This  is  evidenced  by  the  fact  that 
although  the  gravity  of  the  oil  from  the  Monterey  formation  in  the 
Santa  Maria  field  averages  about  25°,  that  from  the  Pismo  in  the 
Arroyo  Grande  field  is  only  14°. 

CONCLUSIONS  REGARDINC;  FUTURE  DEVELOPMENT. 

It  seems  almost  certain  that  considerable  portions  of  the  Pismo 
formation  toward  the  middle  of  the  area  northwest  and  north  of 
Arroyo  Grande  will  be  found  to  be  oil  producing.  This  conclusion  is 
based  on  the  assumption  that  the  Pismo  of  this  region  is  underlain 
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by  the  oil-yielding  Monterey.  The  surface  evidence  of  such  a  condi- 
tion is  most  conclusive.  What  effect  local  flexures  either  in  the  Mon- 
terey below  the  Pismo  or  in  the  Pismo  itself  will  have  on  the  produc- 
.  tion,  only  drilling  will  determine.  According  to  Fairbanks's  interpre- 
tation of  the  structure  of  the  area,  the  depth  at  which  the  oil  will  be 
struck  ought  to  decrease  from  the  middle  of  the  area  toward  both 
the  northeast  and  southwest.  The  only  well  fully  tested  in  the  region 
yields  500  barrels  of  14°  oil  per  day,  so  that  the  prospects  for  the  de- 
velopment of  a  good  field  are  unusually  bright. 

As  the  Monterey  shale  underlying  the  Pismo  of  the  Arroyo  Grande 
field  is  continuous  with  the  Monterey  mapped  in  the  Lompoc  quad- 
rangle northeast  of  the  Santa  Maria  Valley,  it  is  reasonable  to  suppose 
that  there  are  considerable  portions  of  this  great  belt  of  Monterey 
that  will  prove  productive.  The  local  structure  is  usually  the  deter- 
mining factor  in  the  accumulation  of  the  petroleum,  so  that  a  thor- 
ough knowledge  of  this  Is  essential  to  economical  test  drilling. 

HUASNA  FIELD. 

The  Huasna  field  lies  east  of  the  Arroyo  Grande  field  and  north  of 
the  Lompoc  quadrangle.  Prospect  drilling  is  now  going  on  in  this 
region,  but  with  what  results  the  writers  are  not  able  to  say.  During 
a  very  hasty  trip  through  this  region  in  the  summer  of  1905  the  senior 
writer  noted  great  areas  of  Monterey  shale,  with  some  interbedded 
coarse  granitic  sandstones,  in  many  places  of  considerable  thick- 
ness. Such  conditions  are  ideal  for  the  accumulation  of  petroleum 
if  the  beds  are  not  too  sharply  folded.  This  Monterey  area  is  prob- 
ably the  continuation  of  that  exposed  in  the  northeastern  part  of  the 
Lompoc  quadrangle,  and  may  connect  the  latter  with  the  Monterey 
area  east  of  Arroyo  Grande  and  also  with  that  covering  the  summit 
of  the  Santa  Lucia  Range  a  few  miles  east  of  San  Ijuis  Obispo.  It  is 
to  be  regretted  that  no  maps  adequate  for  showing  the  structure  of 
the  formations  in  the  region  east  of  the  San  Luis  quadrangle  and 
north  of  the  Lompoc  quadrangle  are  available.  Without  these  it 
will  be  impossible  to  do  for  this  region  such  detailed  geologic  and 
structural  mapping  as  has  already  been  done  for  the  two  quadrangles 
mentioned. 

Olli  OF  THE  SANTA  I^LARIA  DISTRICT. 

ORIGIN. 

There  is  no  doubt  that  the  petroleum  in  the   Santa  Maria  dis- 
trict is  indigenous  to  the  Monterey  shale.     Bitumen  is  a  character- 
istic part  of  that  formation  throughout  its  wide  extent  over  an  area 
covering  hundreds  of  square  miles,  and  there  is  no  other  formation 
17S4— BuU.  322—07 8 
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but  the  Eocene  shales  in  which  it  is  characteristic,  or  in  which 
it  occurs  in  appreciable  (quantity  except  locally,  although  there  are 
numerous  formations  which  would  be  capable  of  storing  oil  if  any 
had  originated  in  them.  Moreover,  the  bituminous  Monterey  shale 
of  the  Coast  Ranges  does  not  occur  consistently  above  or  below 
any  one  formation  from  which  the  oil  could  have  been  derived.  It 
lies  unconformably  upon  ancient  metamorphic  rocks;  granite  and 
other  igneous  rocks;  Jurassic,  Cretaceous,  or  early  Tertiary  sedi- 
ments; or  conformably  over  lower  Miocene  beds,  according  to  local 
conditions ;  and  it  is  either  not  covered  by  later  deposits  or  is  buried 
by  sediments  of  various  ages,  in  different  places. 

The  decision  is  therefore  unavoidable  that  some  ingredients  of  the 
Monterey  shale  gave  rise  to  the  oil,  and  the  question  arises  what  these 
were.  The  organic  composition  of  the  strata  making  up  this  forma- 
tion is  discussed  on  pages  38-43,  where  a  number  of  animal  and 
plant  forms  that  may  have  contributed  to  the  oil  are  enumerated. 
The  writers  are  strongly  of  the  belief  that  the  petroleum  was  derived 
largely  from  the  minute  organisms,  especially  the  plant  organisms 
(diatoms),  which  are  present  in  such  abundance  in  these  shales.  The 
chemists  Peckham  and  Clarke  believe  that  the  nitrogen  present  in 
the  California  oil  proves  its  origin  from  animal  substance.  But  it  is 
not  necessary  to  consider  that  this  petroleum  originated  entirely 
from  either  animal  or  vegetable  matter;  it  is  more  probably  the 
product  of  remains  of  both  kinds  combined,  much  of  the  nitrogenous 
material  being  furnished  by  animal  tissue. 

Other  small  organisms  of  a  low  order  present  in  the  Monterey  shale 
besides  the  diatoms  are  Foraminifera  and  Radiolaria,  both  orders  of 
marine  animals.  They  became  embedded  in  the  mass  of  the  organic 
and  adventitious  silt  material  of  the  deposit  at  the  sea  bottom,  and 
their  bodies  were  thus  preserved  with  the  hard  parts  and  may  have 
become  a  source  of  hydrocarbons  and  nitrogen  for  the  petroleum. 
The  fact  that  the  limestone  and  calcareous  shale  of  the  Monterey  are 
usually  very  bituminous  suggests  the  conclusion  that  the  Foraminif- 
era were  great  oil  formers,  inasmuch  as  these  rocks  are  thought  to  be 
made  up  largely  of  foraminiferal  remains,  although  of  course  the 
calcareous  strata  may  owe  their  petroliferous  character  to  theif 
porosity.  In  many  places  the  body  of  the  limestone  is  full  of  minute 
specks  of  oil  contained  in  cavities  about  the  size  of  the  interior  of 
foraminiferal  skeletons,  and  these  specks  give  the  impression  that  the 
oil  is  not  far  from  its  point  of  origin.  Albert  Mann,  of  the  United 
States  Department  of  Agriculture,  makes  the  suggestion  that  possibly 
Foraminifera  originally  made  up  a  greater  part  of  the  shales  than 
now  appears  and  that  their  easily  destroyed  calcareous  tests  were 
leached  out,  the  soft  parts  adding  their  quota  to  the  total  amount  of 
petroleum  formed  and  owing  to  their  animal  character  helping  to 
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cause  the  relatively  high  percentage  of  nitrogen  found  in  the  Califor- 
nia oils. 

Fish  skeletons  are  sometimes  found  in  the  shale,  and  flat  impres- 
sions, large  and  small,  that  appear  to  be  the  scales  of  fish  are  abun- 
dant and  very  characteristic  of  certain  portions  of  this  formation, 
seeming  to  show  that  fish  remains  were  in  sufficient  abundance  to 
add  at  least  something  to  the  oil  and  to  supply  a  portion  of  the  nitro- 
gen. On  the  other  hand,  these  fossilized  parts  may  have  been  origi- 
nally separated  from  the  tissue  before  they  dropped  to  the  ocean 
bottom  or  before  being  buried  in  the  deposit,  as  by  far  the  greater 
number  of  fish  are  believed  to  die  violent  deaths  and  to  serve  as  food 
for  larger  fish  or  other  animals. 

Other  animal  organisms  which  were  present  and  which  may  have 
contributed  hydrocarbons  and  nitrogen  were  sponges,  mollusks,  and 
crustaceans — such  as  crabs  and  possibly  ostracods.  The  impres- 
sions of  seaweed  occur  in  the  shale  but  sparingly,  probably  because 
plants  of  this  kind  are  restricted  in  habitat  to  shallower  water  than 
that  in  which  it  is  believed  the  greater  part  of  the  Monterey  was  laid 
down,  so  that  it  is  not  probable  that  these  plants  have  been  large 
contributors  to  the  material  of  the  oil. 

It  is  certain  that  there  was  a  sufficiency  of  organic  material  in- 
cluded with  the  Monterey  deposits  to  give  rise  to  a  vast  quantity  of 
petroleum,  as  is  proved  by  a  rough  estimate  based  on  low  calcula- 
tions of  the  amount  of  such  material  present.  If  the  area  covered 
by  the  Monterey  formation  in  the  Santa  Maria  district,  including 
territory  surely  covered  by  it  whether  the  formation  now  outcrops 
there  or  not,  be  taken  as  800  square  miles  and  the  thickness  of  the 
formation  as  half  a  mile,  the  total  volume  of  the  deposit  would  be 
400  cubic  miles.  These  figures  are  low,  especially  in  view  of  the  fact 
that  the  average  thickness  and  the  areal  extent  of  the  formation  were 
much  greater  when  the  oil  began  to  be  accumulated  than  at  present. 
If  we  regard  for  the  moment  the  diatoms  alone  to  be  the  source  of 
the  oil,  and  only  1  per  cent  of  the  formation  to  be  made  up  of  these 
organisms,  there  would  be  4  cubic  miles  of  diatoms;  and  if  we  sup- 
pose further,  simply  as  a  rough  guess,  that  these  forms  gave  rise  to 
an  amount  of  petroleum  equaling  1  per  cent  of  their  volume,  we 
would  have  1,000,000,000  barrels  of  oil  as  the  amount  distilled 
within  the  Monterey  in  this  district ,  or  more  than  thirty-three  times 
the  total  production  of  oil  in  California  for  1904,  or  eight  times  the 
production  in  the  United  States  for  the  same  year.  According  to 
Albert  Mann,  who  has  recently  made  an  extensive  study  of  diatoms, 
these  plants  when  living  secrete  algal  wax  or  oil  in  amounts  varying 
from  0.75  per  c^nt  to  as  much  as  4  per  cent  of  their  total  volume. 
The  amount  of  petroleum  that  might  be  derived  from  the  diatoms 
is  entirely  imknown;  but  if  the  figure  assumed  hypothetically  as 
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being  1  per  cent  is  too  liberal,  it  would  seem  that  the  low  estimates 
of  the  amomit  of  diatomaceous  material  present  and  the  complete 
ignoring  of  the  other  important  organic  sources  for  oil  in  the  shale, 
would  still  cause  the  estimate  to  be  conservative. 

In  considering  the  question.  What  kind  of  organic  material  has  a 
character  most  favorable  for  producing  oil  ?  the  relative  rate  of  putre- 
faction is  important.  Plants  have  the  advantage  in  respect  to  their 
slower  rate  of  decomposition.  David  White  inclines  to  the  view  that 
plants  are  more  favorable  to  the  production  of  oil,  largely  for  this 
reason.  He  ^ays  that  putrefaction,  which  is  largely  a  bacterial 
process,  goes  on  more  rapidly  in  animal  tissue,  while  vegetable  mate- 
rial has  a  tendency  to  turn  into  hydrocarbons.  The  slow  decompo- 
sition of  the  protoplasm  contents  of  the  diatom  frustule  is  especially 
significant.  F.  J.  Keeley,  of  the  Philadelphia  Academy  of  Natural 
Sciences,  says  as  follows  in  a  letter: 

The  only  point  I  can  think  of  that  might  have  any  bearing  on  the  question  of  the 
relation  of  diatoms  to  petroleum  is  the  fact  that  the  organic  matter  of  diatoms  does  not 
appear  to  decompose  and  become  dissipated  quickly  after  death,  as  is  the  case  with 
piost  low  organisms.  It  is  well  known  that  diatoms  kept  in  water  will  show  the 
shrunken  contents  for  years,  and  Ehrenberg  noted  the  presence  of  such  organic  con- 
tents in  old  fossil  diatoms  from  Hanover,  while  J.  Brun  reports  a  similar  observation 
in  a  fossil  deposit  from  Holland. 

It  is  worthy  of  note  that  many  of  the  round  white  diatom  te^ts  of 
the  soft  Monterey  shale  contain  minute  specks  of  black  that  appear 
like  bituminous  material  derived  in  situ  from  the  diatom.  These 
specks,  however,  are  present  in  but  a  small  proportion  of  the  tests 
and  there  is  no  proof  that  the  black  substance  has  not  come  from 
infiltration  and  deposition  in  the  slight  hollow  of  the  shell.  Thin 
sections  of  the  shale  reveal  small  black  filaments  that  appear  to  be 
carbonaceous  material. 

It  is  probable  that  the  ooze  at  the  sea  bottom  in  Monterey  time 
was  being  deposited  very  rapidly.  The  idea  of  rapid  accumulation 
of  the  deposits  of  diatoms,  aided  by  the  accession  of  organic  and 
detrital  material  of  other  kinds,  is  quite  in  keeping  with  the  well- 
known  faculty  of  these  organisms  for  quick  and  abundant  reproduc- 
tion; and  it  is  not  only  in  keeping  with  but  an  essential  corollary  of 
the  fact  that  deposits  of  such  vast  thickness  were  formed  during 
middle  Miocene  time.  This  rapid  accumulation  created  further 
favorable  conditions  for  the  production  of  oil,  inasmuch  as  the  organic 
substance  that  reached  the  sea  floor  became  quickly  buried  without 
sufficient  time  intervening  for  decomposition  to  go  very  far.  Thus 
the  contents  of  the  diatom  frustules  and  all  the  other  plant  and 
animal  remains  became  included  in  the  body  of  the  deposit. 

The  alkalinity  of  the  shale  may  have  been  another  favoring  factor. 
As  the  deposits  grew,  salts  of  the  sea  water  were  probably  included 
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in  the  porous  mass  and  they  may  have  acted  as  preservatives  of  the 
organisms  to  some  extent. 

As  regards  the  age  of  the  oil,  it  is  stated  by  F.  W.  Clarke  "  that  the 
process  of  formation  of  the  oil  from  organic  sources  may  not  be  slow, 
but,  on  the  other  hand,  comparatively  rapid.  It  is  usually  thought, 
however,  that  the  process  of  distillation  is  slow  and  is  continued 
during  a  long  time.  The  petroleum  in  the  Monterey  may  have  been 
formed  immediately  after  the  deposit  was  laid  down,  or  the  pro- 
duction of  it  may  be  still  in  progress.  There  is  evidence,  however, 
in  the  presence  of  burnt  shale  in  a  Pleistocene  deposit  (see  p.  52), 
in  the  old  and  eroded  deposits  of  asphalt,  and  in  the  presence  in  cer- 
tain asphalt  deposits  of  the  bones  of  extinct  Pleistocene  mammals'' 
which  were  caught  in  tar  springs  in  Pleistocene  time,  that  much  of 
the  oil  at  least  was  formed  in  the  Monterey  and  disseminated  to  the 
surface  a  long  time  ago.  The  accumulation  and  dissemination  of  the 
oil  has  probably  gone  on  continuously  ever  since  its  first  formation, 
the  two  processes  taking  place  simultaneously.  There  may  be  por- 
tions of  the  formation  from  which  the  hydrocarbon  content  has  not 
yet  been  extracted  in  the  form  of  oil,  whereas  other  portions  may 
no  longer  contain  any  of  the  oil  in  its  original  disseminated  condi- 
tion- The  metamorphism  that  gave  rise  to  the  harder  shales  may 
have  had  the  effect  of  driving  out  the  oil  more  completely  than  it 
has  heen  separated  from  the  softer  shale,  and  thus  aided  its  accumu- 
lation, although  this  is  conjectural. 

The  general  conclusion  is  that  in  the  Santa  Maria  district  the 
organic  material  in  the  Monterey  shale  that  may  have  acted  as  the 
source  of  the  oil  was  without  a  doubt  adequate  in  amount  for  the 
production  of  the  vast  quantity  of  petroleum  now  present,  and  that 
the  forms  included  in  greatest  abundance,  the  diatoms,  were  the 
chief  source,  although  animals  and  perhaps  other  plants  also  con- 
tributed largely. 

PHYSICAL   PROPERTIES. 
GENERAL    STATEMENT. 

The  Santa  Maria  district  yields  four  distinct  grades  of  petroleum,  in 
addition  to  the  heavy  oil  which  flows  from  springs  or  collects  as 
asphalt  deposits.  These  petroleums  vary  widely  in  their  physical 
and  chemical  properties  and  as  a  consequence  are  utilized  in  many 
different  ways,  the  lighter  oils  usually  for  refining,  the  heavier  for 
fuel,  road  dressing,  etc. 

The  oil  as  it  comes  from  the  wells  contains  varying  quantities  of 
gas,  often  amounting  to  a  considerable  percentage.     The  two  prod- 

o  The  data  of  geochemistry  (in  preparation  for  publication  by  the  United  States  Geological  Survey). 
»  Btai.  U.  8.  Oeol.  Survey  No.  309, 1907,  pp.  154-156. 
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ucts  are  usually  separated  at  the  wells,  the  gas  being  utilized  for 
heat  or  directly  for  power  and  the  oil  being  run  into  tanks.  This 
tank  oil  still  contains  gas,  most  of  which,  however,  gradually  passes 
off  on  exposure  to  the  air,  with  a  consequent  lowering  of  the  gravity  of 
the  oil.  Before  transportation  by  steamer  it  is  necessary  to  pass 
the  oil  through  a  partial  refining  process  for  the  removal  of  the 
lighter,  volatile,  more  dangerous  constituents;  this  is  done  at  present 
in  the  refineries  at  Port  Harford  and  Gaviota. 

COLOR   AND   ODOR. 

Nearly  all  of  the  oil  in  the  Santa  Maria  district  is  dark  brown  in 
color.  The  exceptions  are  the  black  oil  from  the  Arroyo  Grande 
field,  the  reddish  emulsion  from  one  of  the  wells  in  the  Hartnell- 
Brookshire  area,  and  the  brown  to  greenish  oil  foimd  in  certain  of 
the  wells  in  the  Lompoc  field.  The  heavier  oil  is  the  darker;  the 
lighter  grades  show  the  greenish  hues.  The  darkest  oil  in  the  Santa 
Maria  field  proper  is  the  19°  petroleum  from  the  wells  in  the  eastern 
Western  Union  group.  Some  very  dark  oil  is  also  said  to  come 
from  the  Lompoc  field. 

The  heavy  oil  gives  off  an  aroma  not  unlike  some  grades  of  lubricat- 
ing oil,  and,  doubtless  owing  to  the  absence  of  hydrogen  sulphide  in 
solution,  has  little  of  the  disagreeable  odor  common  to  that  from 
some  of  the  other  California  districts.  In  this  district  the  Ughter  the 
oil,  as  a  rule,  the  sharper  and  less  agreeable  is  its  odor. 

GRAVITY. 

The  gravity  of  the  oil  ranges  from  14°  to  about  35°  Baum6.  The 
heaviest  oil  (14°)  comes  from  the  Arroyo  Grande  field;  18°  to  24°  oil 
from  the  Lompoc  field;  19°  oil  from  the  eastern  group  of  Western 
Union  wells;  24°  to  29°  oil  from  the  Santa  Maria  field;  and  35°  oil 
from  the  Los  Alamos  Oil  and  Development  Company^s  well  and  one 
of  the  Wise  &  Denigan  wells.  The  average  gravity  of  the  oil  from 
the  Santa  Maria  field  proper  is  between  26°  and  27°,  thus  putting  it 
well  into  the  class  of  valuable  refinable  petroleums. 

VISCOSITY. 

The  relative  viscosity  of  several  of  the  oils  from  the  Santa  Maria 
district,  together  with  similar  data  for  other  California  oils,  is  shown 
in  the  table  on  page  116. 

CHEMICAL  PROPERTIES. 

Few  data  concerning  the  chemical  properties  of  the  oil  from  the 
Santa  Maria  district  are  at  present  available  for  publication  except 
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those  found  in  Bulletins  Nos.  31  and  32  of  the  California  State  Min- 
ing Bureau.  The  analyses  of  Santa  Maria  oil  contained  in  these 
bulletins  were  made  by  H.  N.  Cooper,  and,  together  with  those  of 
oils  from  some  of  the  other  California  districts,  are  copied  in  the 
table  below. 

The  only  definite  information  concerning  the  idtimate  composi- 
tion of  the  oil  is  contained  in  a  table  by  P.  W.  Prutzman"  showing 
the  incidental  constituents  of  California  crude  oil.  This  author 
states  that  a  Santa  Maria  oil  of  17°  (probably  from  the  eastern  group 
of  Western  Union  wells)  contained  0.43  per  cent  of  nitrogen,  no  sul- 
phur, and  8.37  per  cent  of  asphaltene.  The  freedom  of  the  Santa 
Maria  oil  from  sulphur  is  one  of  its  chief  and  valuable  characteristics. 

The  following  table*  contains  analyses  of  four  oils  from  the  Santa 
Maria  district,  accompanied  by  analyses  of  twelve  other  California 
oils  for  purposes  of  comparison.  The  oil  of  analysis  No.  3  in  the 
table  is  the  most  characteristic  of  the  average  product  of  the  Santa 
Maria  field. 

Following  the  table  are  distillation  tests. 

Chemical  analyses  of  California  petroleum. 
[By  H.N.  Cooper,  chemist.    Samples  collected  by  Marion  Aubury,  field  assistant.] 


Name  of  company. 

County. 

District. 

Gravity. 

Specific 
gravity 
of  crude 
at  15«  C. 
(about 
00*>  F,). 

1 

Western  Union  Oil  Co 

Santa  Barbara  . . . 
...  .do 

Western  Union . . 
Carreaga 

20 

34.6 

27.6 

16.2 

14. Q 

13 

16.5 

18.5 

20.7 

23 

27.3 

28.9 

31.3 

34.1 

a>.  I 

.7.3 

0.9337 

? 

.do  .                 .  .                

.8508 

3 

Pinal  OilCo 

do 

.8882 

4 

Union  Oil  Co.  of  California 

do 

Lonipoc 

.&574 

5 

SeaClilT  Oil  Co.. 

do 

Smnnierland 

Kern  River  field.. 

Middle  field. 

McKittrick 

Whittier.... 

.9665 

ft 

King  Refining  Co  . 

Kern 

.9792 

7 

I.  W.  Shirley 

Lo8  Angeles 

Kern 

.95.^ 

H 

Southern  Pacific  Oil  Co 

.9425 

9 

Home  OU  Co 

Los  Angeles 

Orange  . 

.9291 

10 

Brea  Canyon  OU  Co 

Fullerton 

.9147 

11 

Los  Angeles  Pacific  Rwv.  Co 

Ventura 

Santa  Paula 

Adams  Canyon... 
Coallnga...*. 

.8900 

19 

Union  Oil  Co.  t>f  Califorhia 

.do 

.8814 

n 

California  OUfidds  (LimiU*d) 

Fresno 

.8680 

14 

Home  Oil  Co..  .                       .... 

.   ..do .. 

do 

.8.V30 

I.*! 

Ix>8  Angeles  Pacific  Rwy.  Co 

Pacific  Coast  Oil  Co       

Ventura 

Tim l>er  Canyon... 
Pico  Canyon 

.84KI 

IH 

Los  Angeles 

.8:Hi7 

a  BuU.  California  State  Mining  Bureau  No.  32,  HK)4,  p.  224. 

6  For  a  detailed  description  of  the  methods  used  in  obtaining  the  data  recorded  in  this  tai.Ie  tlie 
reader  is  referred  to  Bull.  California  State  Mining  Bureau  No.  31,  p.  1;  idem,  No.  32,  1(X)4,  table  <  pp. 
p.  230;  or  to  Bull.  U.  S.  Oeol.  Survey  No  309, 1907,  pp.  2a5-208. 
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Chemical  analyses  of  California  petroleum — Continued. 


Flash. 

Viscosity. 

Sulphur. 

Calorific 
value  of 

samptes.a 

10.369 
10.825 
10,543 
10,258 
10,348 

Calorific 
values 
per 
cubic 
centi- 
meter. 

o 

1 

At  15°  C.  (about  60°  F.).        \t  85°  C.  (185°  F.). 

Second.s. 

Seconds 

divided  by 

27J  or  water  =1. 

Seconds. 

Seconds 

divided 

by  27J  or 

water  =1. 

1 

2 
3 

4 
5 
6 

o 

Below  15 

15 

Below  15 

21 

Above  70 

Above  70 

Above  70 

32 

Below  15 
Below  15 
Below  15 
Below  15 
Below  15 
Below  15 
Below  15 

1,060 

47| 

90 

Over  1,800 

Over  1,800 

Over  1,800 

Over  1,800 

1,100 

393 

264 

611 

162i 

56 

28 

45 

38 

38.40 

1.72 

3.27 

Over  65. 00 

Over  65. 00 

Over  65. 00 

Over  65. 00 

39.85 

14.24 

9.56 

2.23 

5.91 

2.03 

1.03 

1. 66 

1.40 

77 
29| 
37 
227 
108 
410 
78 
54 
43 

i 

37 
S2l 
25] 

m 

29] 

2.81 
1.07 
1.36 
a23 
3.91 
14.86 
2.83 
1.96 
1.56 
1.50 
1.24 
1.34 
1.18 
.99 
1.13 
1.07 

Per  cent. 
2.08 

.60 
1.56 
4.43 

.44 

9,90T 
9,203 
9.364 
9,822 
10,001 

7 
8 
9 

.85 
.77 

10,437 
10.402 

9.976 
9,804 

10 

n 

.94 

10,581 

9,678 

12 
13 
14 
15 

.48 
.38 
.06 

10,647 
10,739 
10,598 

9.384 
9,321 
9.040 

16 

.28 

11,141 

9,322 

Distillation. 


Percentage. 


None. 

None. 

None. 

7 

.7 
None. 

.8 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 


Up  to 
100°  C. 


0.9 

8.6 

8.2 

1.3 

0 

0 

0 

0 

0 

4.2 

9.3 

4 
10.4 

5.5 
15.3 
10.5 


100°-150° 

1.50°-200° 

C. 

C. 

6 

10.5 

16 

12 

17.7 

12.1 

3.9 

5.5 

0 

1 

0 

0 

0 

0 

4.2 

8.9 

4.2 

9.6 

13.9 

8.9 

16.5 

11.8 

14.1 

9.1 

13.8 

10.5 

30.6 

21.5 

15 

9.5 

20.4 

13.8 

200°-'250° 

250°-300*» 

C. 

C. 

9.3 

11 

13.4 

10.8 

9.4 

9.1 

7.7 

18.3 

10 

17.4 

0 

22.5 

7.6 

13.9 

8.7 

20.2 

14 

14.7 

9.7 

18.3 

7.7 

9.1 

9.3 
10.3 
25.4 

9.9 
13 


10.1 
17.5 
8.1 
9.9 
11.1 


300°  C.  to 
asphalt. 


39.5 
23 
29.7 
34.3 
45.5 
37.5 
40 
27.5 
23 
24.2 
31.8 
43 

20.8 
5 

28 
16.9 


B. 


7.4 


6.9 
14.5 

7.5 
16.8 

5 


7.3 


As- 
phalt. 


22 
8 
12 

20.6 
23.5 
31.1 
21.8 
22.5 
15.7 
13.3 
13 
9.8 
9.1 
4.1 
10.6 
6.8 


Loss  or 
gain. 


-0.8 

-  .8 
-1.8 
-1.4 
-1.9 
-2 
-1.4 

-  .5 
-2 
-2.5 

-  .8 

-  .6 

-  .3 
+  .2 
-1.8 

-  .7 


DistaiatioD. 


Gravity  of  preceding  fractions  at  15°  C.  (about  60°  F.) . 


Up  to  100"  C 


0.7185 
.7123 


.7252 
.7228 
.7250 
.6906 
.7395 
.7002 
.7472 


100^-150°  C. 


0.7596 
.7683 
.7617 
.7737 


.7760 
.7756 
.7701 
.7724 
.773(1 
.7630 
.8074 
.7639 
.7650 


150°-200°  C.  200°-250°  C. 


0.8087 

.8028 
.8132 
.7906 


.8235 
.8313 
.8172 
.8202 
.8111 
.8041 
.8396 
.8015 
.8040 


0.8538 
.8354 
.8583 
.8316 
.8516 


.8625 
.8427 

.8672 
.8597 
.8613 
.8388 
,8382 
.8919 
.8321 
.8359 


250°-'300°  C. 


0.8875 
.8574 
.8899 
.8613 
.8840 
.8901 
.8849 
.8076 


.8001 

.8547 
.8774 
.9227 

.8606 


300°  C.  to  asphalt. 


B. 


0.9187 

«8788 
.9085 

!9347 
.8997 
.9021 
.8982 
.9210 
.8955 
.9154 
.8778 
.8866 
,9374 
.8875 
.8870 


0.8822 


.9063 


.916e 
.9062 


.9062 
.'8720 


o  To  convert  calories  into  British  thermal  units,  multiply  by  1.8. 
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Proximate  analysis  of  a  Santa  Maria  oii.<^ 
[Gravity,  16.9*  Baum^.] 


DISTILLATION. 

Below  150"  C 

150"  to  270"  C 

Above  270"  C 

Asphalt,  grade  D 

Lobs 

calculated  analysis. 

Total  gasoline 

Kerosene 

Middlings  and  lubricants 

Asphalt,  by  volume  *> 

1am6 


Percent. 


Gravity 
(°B.). 


1.0 
24.0 
31.1 
41.9 

2.0 


2.7 
16.8 
36.6 
41.9 

2.0 


9.5 


55 
41 


a  Prutzman,  P.  W.,  Bull.  California  State  Mining  Bureau,  No.  32, 1904,  Table  25. 
b  By  weight  (154  pounds  per  barrel) ,  46.2  per  cent. 

The  following  analyses  of  oils  from  the  Santa  Maria  district  have 
been  kindly  furnished  by  Prof.  Edmond  O'Neill,  of  the  University  of 
California,  who  writes  concerning  them  as  follows: 

1  do  not  know  the  exact  locations  of  the  wells  from  which  these  oils  were  derived, 
but  they  are  from  the  first  wells  opened  in  the  vSanta  Maria  property  [probably  the 
Hartnell  or  the  Santa  Maria  Oil  and  Gas  Company  lease].  There  is  very  little  differ- 
ence in  the  character  of  oils  from  all  this  district,  except  in  the  proportion  of  light 
constituents  and  the  corresponding  percentage  of  sulphur.  Moat  of  these  oils  contain 
water,  which  seems  to  be  either  in  a  state  of  fine  emulsion,  or  possibly  in  some  feeble 
form  of  hydration — that  is,  frequently  the  wat«r  will  not  settle  out  on  standing,  even 
by  centrifugalizing — nor  will  it  all  be  driven  off  at  a  temperature  of  100°  Centigrade; 
but  at  a  somewhat  higher  temperature  it  seems  to  be  given  off  almost  with  explosive 
violence. 

Analyses  and  tests  of  six  samples  of  oil  from  wells  near  Santa  Maria. 

[Made  by  Edmond  O'Neill.] 
ANALYSES. 


No.  8. 


Gravity  at  15.5°  C.  (=60OF.) '  0.891 

Gravity  in  degrees  Baum6 |  27. 800 

Fla-sh  pr^int,  open  tester (n) 

PlaMh  point,  closed  tester i  («) 

Burning  point,  open  tester 23°  C.  =73. 4°  F. 

Gasoline  precipitate  (asphaltine,  etc.) per  cent..!  0.6 

Sulphur do....  1.57 

Calorific  value calories. .  j  10, 200 

Calorific  value B.T.I  ..  18, 46^ 


No.  4. 


No.  5. 


22°  C. : 


0.894 

0.893 

27.  (KK) 

27. 500 

(") 

(«) 

(") 

{'») 

=  71. 6°  F. 

21°C.-70^^F. 

0.3 

O.S 

1.59 

l.r,6 

10.363 

10. 229 

18,653 

18. 415 

No.  6. 


No.  13. 


Gravity  at  15.6°  C.  (=  60°F.) 

Gravity  in  degrees  Bauin6 

Flash  point,  open  tester 

Flash  point,  closed  tester 

Burning  point,  open  tester 

Gasoline  precipitate  (asphaltuH-.  <'tc.) percent. 

Sulphur do... 

Calorific  vn hie calories. 

Calorific  value B.  T.  U . 


0.897 

0.908 

0.926 

26.800 

24.800  1 

21.670 

<«) 

n       ' 

%\ 

210C.--68°F. 

20°C.  =  68°F.  ' 

24°C.  =  75°F. 

0.7 

1.6      1 

3.0 

1.61 

2.09    1 

1.8 

10,2^4 

18. 375 

8.078 

18,512 

18, 676 

14,641 

a  Under  16°  C. -60°  F. 
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Analyses  and  tests  of  six  samples  of  oil  from  wells  near  Santa  Maria — Continued. 
RESULTS  OF  DISTILLATION. 


Water,  percent  by  volume. 
Benzines,  boiling  point  un- 
der 150°  C.  (302^  F.): 


Percent. 


o-o,.it^JSpedfie  , 


Kerosene,  boiling  point  150° 
C.-250°  C.  { 302°  F.-182°  F. ) : 
Percent 

«™vity{|p^^;f.:::;:;;:: 

Lubricants,     boiling    point 
250°  (^.-350°  C.    (482«   F.- 
662°  F.): 
Per  cent , 

«-ity{«p-i«-:;:::::: 

Lubricnnt.'*,    boiling     point 
above  S50°C.  (G6C°F.}: 
Percent 

Asphalt  um; 

Per  cent 


No.  3. 


I 


1.2 


24.5 

.745 
60° 


21.5 
.8345 


19.0 
25.3 


23.0 

.917 
23.2 


ro.  4. 

No.  5. 

0.2 

Trace. 

22.1 
.740 

t;i.°2 

20.2 
.740 

m.°2 

20.5 
.821 

41.8 

21.5 

.818 
42.5 

22.8 

.889 
28.2 

19.2 

.898 
26.6 

22.7 

.905 
25.3 

20.3 

.924 
22 

11.7 

8.8 

No.  6. 


Trace. 


23.5 

.752 
52° 


18.7 

.82 
41.4 


20.0 

.897 
26.6 


25.5 

.917 
23.2 


No.  7. 


Trace. 


18,5 
.762 

52° 


18.5 

.82: 
4L4 

25.5 

.89^ 
27 

22.5 

.909 
25.6 

15.0 


No.  13. 


10.8 


16. 8 
.742 

eo.°8 


22,1 

.84.S 
37 


17.2 

.89! 
26.4 


25 
16.9 


ASSOCIATED   HYDROCARBONS. 


NATURAL   GAS. 


Throughout  the  Santa  Maria  district  wherever  any  oil  has  been  found 
it  is  invariably  accompanied  by  considerable  quantities  of  natural 
gas;  indeed,  this  form  of  hydrocarbon  is  somewhat  more  widely  dis- 
tributed than  the  oil,  occurring  in  many  places  in  the  shale  above  the 
oil  zones  and  in  some  wells  which  have  yielded  no  petroleum.  The  pres- 
sure of  the  gas  varies  from  zone  to  zone  and  from  well  to  well.  The 
greatest  pressure  so  far  recorded  was  in  Hartnell  well  No.  1,  where, 
according  to  Mr.  Orcutt,  it  was  over  400  pounds  per  square  inch  dur- 
ing the  initial  flow  of  oil  and  gas.  Most  of  the  gas  is  utilized  for  the 
generation  of  heat  or  of  power  direct  in  gas  engines.  Some  of  it  is 
utilized  for  domestic  purposes  in  the  field  and  the  immediate  vicinity. 

ASPHALT. 

Great  deposits  of  asphalt  are  associated  wdth  the  petroleum-bearing 
and  later  formations  over  certain  portions  of  the  Sp,nta  Maria  dis- 
trict. The  asphalt  (in  the  broader  sense  of  the  word)  within  the 
district  occurs  in  several  different  w^ays — as  veins  penetrating  the 
Monterey  shale  and  later  formations;  as  impregnations  of  the  shale, 
sands,  or  gravels  in  or  overlying  the  Monterey;  and  as  more  or  less 
impure  effusions  at  the  surface.  The  more  important  deposits  are  in 
the  hills  northwest  of  Arroyo  Grande;  in  the  region  of  Asphaltum 
and  La  Zaca  creeks,  east  of  Sisquoc;  in  Graciosa  Ridge;  and  in  the 
vicinity  of  Redrock  Mountain.     These  deposits  have  been  described 
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in  detail  by  George  H.  Eldridge,**  and  are  mentioned  at  various  places 
throughout  this  bulletin;  further  discussion  of  them  is  therefore 
unnecessary. 

TECHNOIX)GY  OF  PRODUCTION  AND  UTIIilZATION. 

OIL  COMPANIES  OP  THE  SANTA  MARIA  DISTRICT. 

The  following  is  a  statement  of  the  oil  operations  in  the  Santa 
Maria  district,  compiled  from  all  data  available  up  to  January  1, 
1907: 

Oil  companies  and  wells  in  Santa  Maria  district. 


Field. 

OU  wells. 

Company. 

Produo      A  ban-    1  r»^,n„„ 
tive.         doned.     DnUing. 

Total. 

Ai^o-Calif ornian  Oil  Sjmdicate 

Lompoc         .... 

1 
1 

AMOCiated  Oil  Co ' 

Arroyo  G  rande . .  J I 

Baiva  Oil  Co 

Lompoc i               i 

SantaMaria. -*  !            &i 

Brookahirc  Oil  Co..... 

I 

California  Coast  Oil  Co 

do.. 

1 

CaUfornm  Coast  Oil  Co.  (Union  Oil  Co-.).... 

do 

3 

CuUfoinijt-Newlove  Oil  Co 

Arroyo  Grande 

I 

<'a,sniaUH  Ranch  Oil  and  Development  Co . . 
Claremont  Oil  Co 

SantaMaria 

I 

do       .                .  . 

'1 

I 

Coa«t  Line  Oil  Co 

Lompoc 

Ciihlentz  Oil  C^ 

Santa  Maria 

1 
1 

Crown  Oil  Co 

Arroyo  G rande 

(rvstal  ()U  Co 

do.     . 

1 

Uiumond  Oil  Co 

Santa  Maria. . 

Dome  Oil  Co 

do 1 

do 6 

do '              1 

Arroyo  Grande... 

i 

2 
1 

G  raciosa  Oil  Co 

HaUA  Hall  Oil  Co 

I*a  Grande  Oil  Co 

1 

Li^una  Land  Co 

. do.                    -.  ... ' 

1 

tompoc  Oil  Developmg  Co. 

Lo«  Alamos  Oil  and  Development  Co 

I^aa  Flores  Land  and  Oil  Co. 

Lompoc 

.    do :               i         2 

Santa  Maria . .  L . 

McNee  OU  Co 

ArrnvoOrande                .   .   .>.......... 

I 

Meridian  OU  Co 

Santa  Maria              

1 
I 

1 
1 
1 
I 

National  Oil  and  Transportation  Co.  (As- 

 do 

sociated  Oil  Co.). 
New  Huasna  Oil  Co 

A rroyo  Grande . . . ' 

Oak  Park  Oil  To 

do, .                     

rennsylvania  Oil  Co 

Santa  Mtiria 

» 

Perpetual  Oil  Co 

A  rro vb  G  rande 

Padflc  Oil  and  Transportation  Co.  (Asso- 

Santa Maria 

I 

ciated  Oil  Co.). 
Palmer  Oil  Co 

do 

11 

Pinal  Oil  Co 

do 

a 

14 

Radium  Oil  Co 

..do.. 

1 
2 

Recruit  Oil  Co.  (Kscolle  and  New  hall) 

do 

2 

Rice  Ranch  OU  Co 

..  ..do 

2 

1 

•A 

Santa  Barbara  Oil  Co 

Santa  Vnez 

1             1 

Santa  Lucia  Oil  Co. 

.V rroyo  Grande 

... 

1             1 

Santa  Maria  Oil  Co.  (Union  Oil  Co.) 

Santa  Maria  Oil  and  Gas  Co.  rl  nitm  Oil  Co.) 

Santa  Muria 

do.... 

4 

2                3 

i" 

3                 8 

Santa  Yner.  Valley  Development  Co.. 

Santa  Vnez 

1 

Southern  Pacific  Co 

Santa  Maria . 

1                 1 

Standard  Oil  Co.  (pipe  lines,  storage,  etc.).. 

do 

Slillwell  Oil  Co. 

do 

[ 

' 

Syndicate  Oil  Co.  (Union  Oil  Co.) . 

do 

1   ■              1 

the  Oil  Co 

do. . . . 

1 

1 

Tiber  Oil  Co 

Arroyo  Grande... 
Ix>mpoc. . 

I 

2 

3 

Todos  Santos  Oil  Co 

1 
1 

1 

Trader*'  Union  Oil  Co . 

Santa  Maria 

1 

Union  OU  Co.: 

Riirt/m  lease 

Lompoc 

1 
1 

1 

R*f«nn  ff«ff* 

cl  o 

2 

1 

4 

Folsom  lease 

Santft  Maria . 

3'              H 

oThe  asphalt  and  bituminous  rock  deposits  of  the  United  States:  Twenty-second  Ann.  Rept.  U.  8. 
Geol.  Survey,  part  5,  1901,  pp.  209-452,  pis.  25-58,  figs.  1-52. 
ft  Water  well. 
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Oil  companies  and  wells  in  Santa  Maria  district — Continued. 


Field. 

OU  wells. 

Company. 

Produc- 
ti\-e. 

Aban- 
doned. 

Drilling. 

Total. 

Union  Oil  Co.— Coulinued. 

Fox  lease 

Santa  Maria 

do 

5 
2 
2 

8 

I 

1 

I 

5 

6 

Hartnell  lease 

1 

4 

Ilill  lease 

Lorapoc 

4 

Hobbs  lease 

Santa  Maria 

..  ..do 

10 

Newlovo 

5 

Wise  &  Denipon 

Lompoc 

S 

8 

Waldorf  well 

Santa  Maria ... 

1 
3 
1 

1 

W'estern  Union  Oil  Co 

do       .... 



2G 

2 

31 

YaJdraa  Oil  Co.  (Lucas)   (Associated  Oil 
Co.). 

.....do 

1 

94 

25 

56 

174 

WELL  DRILLING. 

The  wells  in  the  Santa  Maria  district  are  among  the  deepest  oil 
producers  in  the  world,  one  of  them  reaching  a  depth  of  over  4,400 
feet.  Except  at  three  or  four  wells,  where  rotary  drills  have  been 
used  to  penetrate  the  soft  sands  and  shales  near  the  surface,  all  of 
the  drilling  has  been  done  with  the  standard  rig.  The  casing  used 
ranges  in  diameter  from  12  to  16  inches  at  the  top  down  to  4i  inches, 
and  in  some  wells,  it  is  believed,  even  smaller,  at  the  bottom.  The 
cost  of  the  deeper  wells  runs  in  general  from  $12,000  to  $20,000, 
but  several  of  the  deepest  are  said  to  have  cost  even  more  than  the 
latter  figure. 

Owing  to  the  close  texture  of  the  shale,  it  is  usually  possible  to 
cany  the  hole  down  for  a  considerable  distance  below  the  casing 
without  danger  of  caving.  Wherever  the  wells  penetrate  the  soft 
Fernando  beds  for  any  considerable  distance  much  trouble  is  expe- 
rienced, but  otherwise  the  drilling  in  the  field  is  said  to  be  as  a  rule 
comparatively  easy. 

PRODUCTION. 

The  production  of  oil  in  the  Santa  Maria  region  has  been  increas- 
ing rapidly  in  the  last  four  or  five  years,  but  the  figures  of  actual 
production  do  not  fully  indicate  the  increase  in  the  capacity  of  the 
district.  Lack  of  storage  capacity,  inadequate  transportation  facili- 
ties, and  the  low  price  of  crude  petroleum  are  factors  which  have 
kept  down  the  amount  produced  and  marketed.  Well  drilling  has 
been  going  on  steadily  ever  since  the  field  was  opened,  but  only  a  few 
companies  have  pushed  their  production  up  to  the  limit  for  any 
length  of  time. 

Nearly  all  of  the  oil  so  far  produced  in  the  district  has  come  from 
the  vSanta  Maria  field.  The  production  of  the  district,  including  the 
wSanta  Maria,  Lompoc,  and  Arroyo  Grande  fields,  for  the  last  five 
years  is  as  follows: 
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Production  of  crude  petroleum  in  Santa  Maria  oil  district,  1902 — 1006. ^^ 
(Bairt'la  of  42  gallons  eiich.] 

1902 99,283 

1903 178,140 

1904 1,367,174 

1905 2,565,966 

1906 4,906,513 


9,117,076 

The  estimated  maximum  capacity  of  the  district  January  1,  1907,  is 
40,400  barrels  per  day, 

STORAGE  CAPACITY. 

The  storage  facilities  of  the  district  consist  of  steel  and  wooden 
tanks  and  open  earthem  reservoirs.  The  reservoirs  are  located 
only  in  the  field  and  are  used  only  temporarily  or  in  cases  of  emer- 
gency. The  total  storage  capacity  of  the  district,  not  including  the 
open  reservoirs,  is  1,464,000  barrels. 

TRANSPORTATION  FACILITIES. 

The  oil  from  the  Santa  Maria  district  is  distributed  by  means  of 
pipe  lines,  tank  cars,  and  some  of  it  eventually  by  tank  steamers. 
The  principal  pipe  lines  of  the  district  are  four  connecting  the  field 
with  Port  Harford  and  one  running  from  the  Western  Union  wells 
to  Gaviota.  The  rail  lines  available  are  the  Southern  Pacific  at 
Gaviota,  Casmalia,  and  Betteravia,  and  the  Pacific  Coast  at  Carreaga 
and  Orcutt.  Tank  steamers  of  the  Associated,  Standard,  and  Union 
oil  companies  take  the  product  from  Port  Harford  or  Gaviota. 

The   following  is  a  summary  of  the  principal  pipe  lines  in  the 

district: 

Pipe  lines  in  Santa  Maria  oil  district.     * 


Company. 

From— 



To- 
Oil  Port 

1 
-Distance. 

Coast  oil  TraiMDort  Co 

Graciosa  wells 

'     Miles. 
34 

QnifiioaA  Oli  Co 

WcUs 

do 

Orcutt 

Wells 

Cusmalla 

Carreuga 

Gaviota 

Graciosii  station. . 
Betteravia 

g 

Lot  Alamos  Oil  and  Developniont  Co. . 

Pacific  Oil  and  Transportation  Co 

Pinal  and  Brooksbire  oil  comptinicM . . . 
Do 

!.' 51 

2 

do 

and 
Co.'s 

tfaria 
ells. 
,  and 

n(l3.. 

7 

Standard  Oil  Co 

Orcutt 

Western  Union  wells. 
Hall,    Dome,    Pinal. 

Brookshirt^  wells. 
Pacific    Coast     Oil 

tanks. 

Orcutt 

do 

Lompoe  field 

Escolle  and   Santa   1 

Oil  and  Gas  Co.'s  w 
Fox,  Hobbs,  Folsom 

other  wells. 
Reservoirs  Nos.  1,  2,  a 
WeUs 

Port  Harford 

Orcutt 

32 

bo 

7 

Do 

do 

Port  Harford 

do 

do 

Orcutt 

do 

do 

do 

Carn'uga 

3 

Standard  Oil  Co.  (2  lines) 

Union  Oil  Co 

;r2 

Do 

Do 

Do 

Do 

Do 

Western  Union  Oil  Co 

32 

::'     : 

4 

..,                 4 

a  Compiled  from  data  furnished  by  the  different  operating  companies. 
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REFINERIES. 

The  principal  refineries  utilizing  the  oil  from  the  Santa  Maria  dis- 
trict are  as  follows: 

California  Petroleum  Refineries,  Limited. — The  refinery  of  this 
newly  organized  company  is  now  in  course  of  erection  at  Oil  Port, 
south  of  Port  Harford.  It  is  said  that  the  initial  capacity  of  this 
refinery  will  be  about  7,000  barrels  per  day,  and  that  all  the  usual 
products  will  be  refined. 

Pacific  Oil  Transportation  Company, — The  refinery  of  this  com- 
pany is  located  at  Gaviota,  and  consists  of  nine  stills  with  a  capacity 
of  1,050  barrels  of  crude  oil  per  day.  The  principal  products  are 
illuminants  and  fuel  residue. 

Standard  Oil  Company. — The  plant  of  this  company  is  located  at 
Point  Richmond,  Contra  Costa  County,  and  is  said  to  consist  of  19 
stills  with  a  capacity  of  5,000  barrels  of  crude  oil  and  4,000  barrels 
re-run  per  day.  The  products  are  illuminants,  lubricants,  and  coke. 
Union  Oil  Company  of  California. — The  main  refinery  of  this  com- 
pany is  located  at  Oleum,  Contra  Costa  County,  and  consists  of  a 
number  of  stills  capable  of  producing  illuminants,  distillate,  and 
asphalt. 

UTILIZATION   OF  THE   OIL. 

Most  of  the  oil  from  the  Santa  Maria  district  is  refined,  the  lighter 
products  being  used  for  illuminants  and  for  the  direct  generation  of 
power  in  gas  engines,  and  the  heavier  products  and  unrefined  heavy 
oil  for  fuel,  lubricants,  road  dressing,  etc.  With  the  exception  of 
a  very  small  amount  used  locally,  all  the  oil  is  sent  out  of  the  district, 
the  greater  part  of  the  product  at  present,  it  is  believed,  going  to  the 
refineries  near  San  Francisco.  Contracts  recently  made  in  South 
America,  Japan;  and  the  Hawaiian  Islands  indicate  that  within  a 
short  time  much  of  the  product  of  the  district  will  be  exported. 

The  Santa  Maria  oil  district,  comprising  the  Santa  Maria,  Lompoc, 
Arroyo  Grande,  and  Huasna  fields,  occupies  the  central  and  northern 
portions  of  the  Lompoc  and  Guadalupe  quadrangles,  northern  Santa 
Barbara  County;  the  southern  part  of  the  San  Luis  quadrangle, 
southern  San  Luis  Obispo  County,  and  a  small  part  of  the  unmapped 
area  between  the  Lompoc  and  San  Luis  quadrangles. 

The  larger  part  of  the  district  is  a  basin  region  inclosed  between 
two  divisions  of  the  Coast  Ranges — the  San  Rafael  and  Santa  Ynez 
mountains — and  the  Pacific  Ocean.  The  formations  in  this  basin 
have  undergone  less  disturbance  than  in  the  mountains  and  the  con- 
ditions in  it  are  good  for  the  accumulation  of  oil. 
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The  formations  involved  in  the  geology  of  the  district  include  the 
Franciscan  (Jurassic?)  sandstone,  shale,  glaucophane  schist,  jasper, 
and  intruded  serpentine;  Knoxville  (lower  Cretaceous)  conglomerate, 
sandstone,  and  shale;  pre-Monterey  (which  may  include  both  Cre- 
taceous and  older  Tertiary)  conglomerate^  sandstone,  and  shale; 
Tejon  (Eocene)  sandstone,  shale,  and  conglomerate;  Vaqueros  (lower 
Miocene)  conglomerate,  sandstone,  and  shale;  Monterey  (middle 
Miocene)  diatomaceous  and  flinty  shale,  limestone,  calcerous  shale, 
and  volcanic  ash;  Fernando  (Miocene-Pliocene-Pleistocene)  con- 
glomerate, sandstone,  and  shale;  and  Quaternary  gravel,  sand,  clay, 
and  alluvium.  The  sedimentary  formations  of  Tertiary  and  early 
Quaternary  age  have  a  combined  maximum  thickness  of  at  least 
13,200  feet. 

A  variety  of  igneous  rocks  of  Cretaceous  and  Tertiary  age,  mostly 
intrusive,  outcrop  over  small  areas. 

The  Monterey  shale  (middle  Miocene)  is  the  original  and  chief 
oil-bearing  formation,  the  petroleum  having  originated  and  remained 
in  it  in  large  quantities.  Some  has  escaped  by  seepage  and  collected 
in  the  overlying  Fernando  formation  or  the  Quaternary  terrace  de- 
posits, or  has  been  dissipated.  The  oil  is  supposed  to  accumulate  in 
fractured  zones  and  porous  sands  in  the  lower  portion  of  the  Monterey, 
w  here  brittle  shale  predominates,  anticlines  furnishing  the  most  favor- 
able conditions  for  accumulation.  The  Monterey  shale  is  in  large 
part  of  organic  origin,  being  especially  rich  in  diatoms,  and  the  oil 
is  supposed  to  be  a  product  of  the  plant  and  animal  remains  inclosed 
in  it.  The  quantity  of  these  remains  originally  deposited  w4th  this 
formation  is  suflScient  to  account  for  a  vast  amount  of  derived  oil. 

Two  structural  systems  prevail  in  the  district,  the  features  in  the 
northeastern  portion  striking  northwest  and  southeast,  those  in  the 
southern  portion  striking  east  and  west,  and  those  in  the  intervening 
region  trending  in  a  direction  intermediate  between  the  two.  Few 
faults  of  importance  were  noted  in  the  field.  The  productive  terri- 
tory lies  in  a  region  of  more  or  less  gentle  folds  in  the  central  part  of 
the  area,  most  of  the  wells  being  located  along  or  near  anticlines. 

The  wells  range  in  depth  from  1,500  to  more  than  4,000  feet.  In 
the  Santa  Maria  and  Lompoc  fields  they  obtain  oil  from  zones  of 
fractured  shale,  and, possibly  in  certain  places  from  sandy  layers  in 
the  lower  portion  of  the  Monterey  formation.  The  production  of  the 
individual  wells  ranges  from  5  to  3,000  barrels  per  day,  the  average 
being  between  300  and  400  barrels.  The  oil  ranges  in  gravity  from 
19°  to  35''  Baum6,  the  greater  part  of  it  being  about  25°  to  27°.  In 
the  Arroyo  Grande  field  the  oil  comes  from  sandstone  at  the  base 
of  the  Fernando  and  is  of  14°  gravity.  There  is  in  all  these  fields 
much  undeveloped  territory  which  oflFers  great  promise   of   being 
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highly  productive.  The  conditions  affecting  the  presence  of  oil  have 
been  discussed  for  individual  areas  and  those  places  enumerated  in 
which  the  conditions  seem  favorable  for  its  accumulation. 

There  are  52  oil  companies  interested  in  the  district;  11  of  these 
own  all  the  producing  wells.  Of  the  174  wells  in  the  district  94  are 
productive,  55  are  drilling,  and  25  are  abandoned.  The  total  pro- 
duction of  the  field  up  to  January  1,  1907,  was  9,117,076  barrels;  the 
production  for  1906  alone  was  4,906,513  barrels. 
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PLATE  XII. 
Tejon  (Eocene)  Fossils. 

(Unless  otherwise  indicated  all  figures  are  natural  size.) 

Fig.  1.  Cardiumbrcwerii  Gahh.  Type.  Right  valve;  altitude  61  mni.  View  of  exte- 
rior. Pal.  California,  vol.  1,  18G9,  pi.  24,  fig.  155.  A  common  species  in 
the  Eocene  of  the  Santa  Ynez  Mountains. 

Fio.  2a.  CrassaMites  collina  Conrad.  U.S.N.M.  165312.  Left  valve;  longitude  87 
mm.  View  of  exterior.  San  Julian  ranch  (4507).  Characteristic  of  this 
horizon. 

Fig.  26.  View  of  anterior  end  of  same  specimen. 

Fig.  3.  CrasssUllites  collina  Conrad.  U.S.N.M.  165312.  Hinge.  Same  locality  as 
fig.  2. 

Fig.  4.  Pccten  {Chlamys)  yneziana  Arnold.  U.S.N.M.  165313.  Paratype.  Altitude 
52  mm.  View  of  exterior.  San  Julian  ranch  (4507).  Characteristic  of 
this  horizon. 

Fig.  5a.  FicusinamillatusGohh.  U.S.N.M.  165319.  Altitude  31  mm.  View  of  back. 
North  of  Sudden  (4518).     Characteristic  of  this  horizon. 

Fig.  56.  View  of  top  of  same  specimen. 

Fig.  6.  Turritclla  uvasana  Conrad.  U.S.N.M.  165327.  Altitude  of  imperfect  speci- 
men 25  mm.  Aperture  view.  North  of  Sudden  (4578).  Characteristic 
of  this  horizon. 
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PLATE  XIII. 
Knoxville  (Cretaceous)  and  Tejon  (Eocene)  Fossils. 

(Unless  otherwise*  indicated  all  figures  are  natural  size.) 

Fir..  1.  Aucellapiochii  Gixhh.  U.S. N.M.  30831.  Right  valve;  altitude  25  mm.  View 
of  exterior.  Knoxville  (lower  Cretaceous)  formation,  East  Fork  Tepus- 
quet  Creek  (4173).  Characteristic  of  the  lower  Cretaceous  throughout 
the  Coast  Ranges. 

Fia.  2.  Aucella  piochii  Gabb.  U.S. N.M.  30831.  Left  valve;  altitude  15  mm.  View 
of  exterior,  X  2.     Same  locality  and  horizon  as  fig.  1. 

Fig.  3a.  Aricella  piochii  Gahh.  Left  valve;  altitude  27  mm.  View  of  exterior.  Bull. 
U.  S.  Geol.  Surv'ey  No.  133,  1895,  pi.  4,  fig.  6. 

Fu;.  36.  Exterior  of  right  valve  of  same  specimen.     Op.  cit.,  pi.  4,  fig.  7. 

Fig.  4.  Vcnericardia  planicosta  Lamarck,  U.S. N.M.  164973.  Left  valve;  longitude  84 
mm.  Eocene,  Little  Falls,  Wash.  This  is  the  most  widespread  and 
characteristic  Eocene  species  in  the  world. 

Fig.  5a.  Turriklla  (martinezensis  Gabb)  var.  ?  lompocensis  Arnold.  Paratype.  Alti- 
tude of  fragment,  30  mm.     Back  view.     Same  locality  as  fig.  8. 

Fig.  56.  Basal  view  of  same  specimen. 

Fig.  6a.  PecUn{Chlamys)  yneziana  Arnold.  U.S. N.M.  165313.  Type.  Right  valve; 
altitude  64  mm.  View  of  exterior.  San  Julian  ranch  (4507).  Charac- 
teristic of  this  horizon. 

Fig.  66.  Same  species.     Length  of  hinge  of  right  valve  25  mm. 

Fig.  7.  Turritella  uvasana  Conmd.  U.S. N.M.  165326.  Altitude  of  imperfect  specimen 
68  mm.  Aperture  view.  San  Julian  ranch  (4507).  Characteristic  of 
the  Eocene  throughout  the  Coast  Ranges. 

Fig.  8.  Turritella  {martinezensis  Gabb)  var.  f  lompocensis  Arnold.  U.S. N.M.  165316. 
Type.     Longitude  68  mm.     View  of  back.     Southwest  of  Lompoc  (4509). 
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PLATE  XIV. 

Tejox  (Eocene)  Pelecypoda. 

(Unless  otherwise  indicated  all  figures  are  natural  size.) 

Fig.  la.  Ostrea  irlriacnsis  Gabb.     U.S.N.M.  1G5318.     Left  valve;  altitude  114  mm. 

View    of   exterior.     North    of    Sudden    (4518).     Characteristic   (}f   this 

horizon. 
Fir,.  36.  View  of  exterior  of  right  valve  of  same  specimen. 
Fig.  2.  Phacoides  cmmilata  Gabb.     U.S.N.M.  105328.     Right  valve;  altitude  10  mm. 

View  of  exterior,  X  4.     Three  miles  north  of  Sudden  (4518);  also  known 

from  type  locality  of  Tejon  formation. 
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PLATE  XV. 

Vaqueros  (Lower  Miocene)  Fossils. 

(Unless  oth(*n\- isc  indicated  all  figures  are  natural  size.) 

Fig.  Irt.  Purpura  vagiieroserms  Arnold.  Collection  of  Delos  Arnold.  Type.  Alti- 
tude 1(X) mm     A perture  view.     Lynchs  Mountain,  Monterey  County,  Cal. 

Fig.  16.  Back  view  of  same  specimen. 

Fig.  2.  Modiolus  yneziana  Arnold.  U.S.N.M.  165324.  Type.  Right  valve;  altitude 
31mm.  View  of  exterior,  X  2.  San  Julian  ranch  (4504").  Characteristic 
of  this  horizon. 
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PLATE  XVI. 

Vaqueros  (Lower  Miocene)  Fossils. 

(Unlo8s  othen^use  indicated  all  figures  are  natural  size.) 

Fig.  1.  Pectrn  (Lyropccten)  magnolia  Conrad.  U.S.N.M.  165317.  Right  valve;  alti- 
tude 155  mm.  View  of  exterior,  X  i-  San  Julian  ranch.  A  character- 
istic Vaqueros  species. 

Fig.  2.  Oslrca  ddrulgei  Arnold.  U.S.N.M.  1G5307.  Left  valve;  altitude  100  mm. 
View  of  exterior.  Mouth  of  Ballard  Canyon,  2  mih^  south  of  Santa  Ynez 
(4478).     Characteristic  of  this  horizon. 

Fig.  3.  Turntclla  imziana  Conrad.  U.S.N.M.  105321.  Altitude  120  mm.  View  (f 
side.  Ten  miles  west  of  Santa  Ynez  (4514).  Characteristic  of  this  hori- 
zon throughout  the  Coast  Ranges. 
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PLATE  XVII. 
Vaqueros  (Lower  Miocene)  Pelecypoda  and  Brachiopoda. 

(Unless  otherwise  indicated  all  figures  are  natural  size.) 

Fig.  1.  Pecten  {Pecten)  vanvlechi  Arnold.  U.S.N.M.  165305.  Type.  Right  valve; 
altitude  64  mm.  View  of  exterior.  Mouth  of  Ballard  Canyon,  2  miles 
south  of  Santa  Ynez  (4478).     Characteristic  of  this  horizon. 

Fig.  2.  Pecten  (Pecten)  vanvlechi  Arnold.  U.S.N.M.  165306.  Parat}T)e.  Left  \^ve; 
altitude  72  mm.  View  of  exterior.  Mouth  of  Ballard  Canyon,  2  miles 
south  of  Santa  Ynez  (4478).     Characteristic  of  this  horizon. 

Fig.  3.  Pectin  (Chlamys)  sespeensis  var.  hydei  Arnold.  U.S.K.M.  165308.  Left  valve; 
altitude  60  mm.  View  of  exterior.  Mouth  of  Ballard  Canyon,  2  miles 
south  of  Santa  Ynez  (4478).     Characteristic  of  this  horizon. 

Fig.  4a.  Terebralalia  kennedyi  Dall.  U.S.N.M.  165325.  Type.  Ventral  valve;  alti- 
tude 26  mm.  View  of  exterior.  Lime  quarry  5  miles  southwest  of 
Lompoc  (4521).     Characteristic  of  this  horizon. 

Fig.  46.  Dorsal  valve  of  same  species;  altitude  of  fragment  18  mm.  View  of  exte- 
rior. 

Fig.  4c.  Dorsal  valve  of  same  species;  altitude  19  mm.     View  of  exterior. 

Fig.  4d.  Ventral  valve  of  same  species;  altitude  28  mm.     View  of  exterior. 
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PLATE  XVIII. 
Vaqueros  (Lower  Miocexe)  Pelecypoda. 

(Unlens  otherwise  indicated  all  figures  are  one-half  natural  size.) 

Fig.  1.  Pecten  {Lyropecten)  crassicardo  CowTdid.  U.S.N.M.  H>4907.  Exterior  of  valve, 
showing  characteristic  sculpture:  altitude  90  mm.  Ojai  Valley,  Ven- 
tura County,  Oal.  This  species  ranges  throughout  the  Miocene,  being 
commoner  in  the  lower  part  in  southern  California,  in  the  upper  part  in 
central  California. 

Fig.  2.  Pccten  (Ainumum)  lompocensis  Arnold.  Collection  of  California  Academy  of 
Sciences.  IIolot>'pe.  Mold  of  interior  of  left  valve;  altitude  105  mm. 
Four  miles  south  of  I^ompoc. 

Fig.  3.  Pccten  {Aniimnm)  lompocensis  Arnold.  U.S.N.M.  1G4852.  Paratype.  Inte- 
rior of  a  portion  of  left  valve;  altitude  90  mm.  Ojai  Valley,  Ventura 
County,  Cal. 

Fig.  4.  Pccten  (Amunum)  lompoccrms  Arnold.  Collection  of  California  Academy  of 
Sciences.  Paratype.  Imperfect  mold  of  interior  of  right  valve:  hinge 
line  42  mm.     Sanu;  locality  as  fig.  2. 

Fig.  5.  Pccten  {Lyropcctcn)  houeni  Arnold.  Collection  of  University  of  California. 
Type.  Exterior  of  .slightly  imperfect  right  valve;  altitude  150  mm. 
Santa  Ynez  Canyon. 

Fig.  6a.  Ostrea  cldndyei  Arnold.  U.S.N.M.  1(55320.  Left  valve:  altitude  114  mm. 
View  of  exterior.     El  Jaro  Creek  (4519).     Characteristic  of  this  horizon. 

Fig.  66.  View  of  exterior  of  right  valve  of  same  specimen. 
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PLATE  XIX. 
Monterey  (Middle  Miocene)  Diatoms. 

Fig.  1.  Photomicrograph  of  slide  of  partially  cleaned  diatomaceous  shale  material 
from  the  Lompoc  quadrangle,  X  100.  All  the  larger  individuals  and 
fragments  are  Coscinodiscus  oculus  iridis  Ehrenberg. 

Fig.  2.  Photomicrograph  of  slide  of  diatoms  from  the  Monterey  shale  at  Santa  Monica, 
Los  Angeles  County,  Cal  ,  X  ^0.  Nearly  all  the  species  shown  on  this 
slide  occur  in  the  diatomaceous  deposits  in  the  Santa  Maria  district. 
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PLATE  XX. 

MoNT.EREY  (Middle  Miocene)  Diatoms. 

Fig.  la.  Actinoptychus  undulatus  Ehrenberg. 

Fig.  16.  Lithodcsmium  comigcrum  Bnin. 

Fig.  Ir.  Dictyocha  (jracilis  (not  a  diatom;  nature  unkno>rn).     Enlai^ement  to  1,000 

diameters  of  a  portion  of  the  slide  shown  in  PI.  XIX,  fig.  1. 
Fig.  2.   Coscinodisnis  obscunis  A.  S.,  X  1,000.     From  the  Monterey  shale  of  the  Santa 

Maria  district. 
Fig.  3.   Coscinodiscus  subtilis  Ehrenl>erg,  X  1,000.     From  the  Monterey  shale  of  the 

Santa  Maria  district. 
Fig.  4.   Coscinodiscus  rohustus  Grev.,  X  1,000.     Fn)m  the  Monterey  shale  of  the  Santa 

Maria  district. 
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PLATE  XXI. 
Fernando  (Pliocene)  Gasteropoda. 

(Unles8  otherwise  indicated  figures  are  natural  size.) 

Fio.  1.   Trochita  radians  hsLumrck.    U.S.N.M.  165310.    Maximum  diameter  of  fragment 

20  mm.     View  of  top,  X  2.     Fugler  Point  asphalt  mine,  near  Gar\^  (4475). 

Characteristic  of  the  upper  Miocene  and  lower  Pliocene  of  this  region. 
Fhi.  2.  Priene  oregoncnsis  Redfield   (young).  U.S.N.M.    165262.     Altitude  46  mm. 

Apeiture  view.     Waldorf  asphalt  mine  (4473).    Also  known  recent. 
Fic;.  3.  Lunalia  Icwifni  Gould.  U.S.N.M.  165264.     Young  specimen;  altitude  23  mm. 

Aperture  view,  X  2.    Waldorf  asphalt  mine  (4473).    Also  known  recent. 
Fid.  4.    Thalotia   caffca   Gabb.    U.S.N.M.  165298.     Latitude   29    mm.     Back    view. 

Fugler  Point  asphalt  mine,  near  Gary  (4475).     Also  known  recent. 
Fig.  5.   Thalotia  caffca  Gabb.  U.S.N.M.  165297.     Latitude  of  fragment  21  mm.     View 

of  side  of  fragment,  slightly  tilted  up.     Same  locality  as  fig.  4. 
Fic5.  6.  Lymnxa   alamosensis   Arnold.     U.S.N.M.    165426.     Type.    Altitude  6  mm. 

Aperture  view,  X  6.     Fresh- water  beds,  1  mile  southeast  of  bench  mark 

425,  Los  Alamos  Valley. 
Fio.  7.  Lymnxa  alamoscnsis  Arnold.     U.S.N.M.  165426.     Young  specimen;  altitude 

3.5  mm.     Same  locality  as  fig.  6. 
Fkj.  8.   Cadulus  fumfcrmm  Sharp  and   Pilsbry.     U.S.N.M.   165267.     L(mgitude   10 

mm.     Sideview,  X3.     Waldorf  asphalt  mine  (4473).     Known  also  recent. 
Fig.  9.   CanceZZaria  craw/orrfiami  Dall  var.    /i^^Zm  Arnold.    U.S.N.M.  165322.     Type. 

Altitude  22.5  mm.     Aperture  view,  X  2.     Fugler  Point  asphalt  mine, 

near  Gary  (4475).     Characteristic  of  this  horizon. 
Fig.  10.  Odncbra  michcli  Ford  var.  tvaldor/cnsis  Arnold.     U.S.N.M.  165261.     T>'pe. 

Altitude  11  mm.     Aperture  view,  X  3.     Waldorf  asphalt  mine  (4473). 
Fig.  11.   Turritclla  coopcri  Carpenter.     U.S.N.M.   165273.     Altitude  34  mm.     Aper- 
ture view,  X  2.     Waldorf  asphalt  mine  (4473).     Common  in  the  Pliocene 

and  Pleistof'ene. 
Fig.  12.  Dnllia  waldorfcnsis  Arnold.     U.S.N.M.  165270.     Type.     Altitude  18.5  mm. 

Aperture  view  of  imperfect  specimen,  X  2.     Waldorf  asphalt  mine  (4473). 

Characteristic  of  this  horizon. 
Fkj.  13.  Dnllia  johnsoni  Arnold.     U.  S.  N.M.  165263.     Altitude  34  mm.     Back  view, 

X  2.     Waldorf  asphalt  mine  (4473).     Also  found  fossil  at  San  Pedn). 
Fig.  14a.  Ncvcrita  rccluziana  Petit.     U.S.N.M.  165323.     Altitude  35  mm.     Aperture 

view.     Fugler   Point   asphalt    mine     near   Gary   (4475).     Also   known 

recent. 
Fig.  146.  View  of  base  of  same  specimen. 
Vui.  15.  Xcvcrifa  rccluziana  Petit.     U.S.N.M.   165299.     Altitude  20  mm.     Aperture 

view,  X  2.     Fugler  Point  asphalt  mine,  near  Gary  (4475).     Also  known 

recent. 
Fig.  16.  A^/j'ra  cZawsa  Broderip  and  Sower])y.     U.S.N.M.  165269.     Altitude  21  mm. 

Aperture  view,  X  2.     Waldorf  asphalt  mine  (4473).     Also  known  recent. 
Fig.  17.  Nassa   waldorfcnsis  Arnold.     U.S.N.M.    165272.     Type.     Altitude   13   mm. 

Ap(Tture  view,    X  2.     Waldorf  asphalt  mine  (4473).     Characteristic  of 

this  horizon. 
Fig.    18.  Dnllia  graciosana  Aniold.     U.S.N.M.    165309.     Type.     Altitude   14   mm. 

Aperture  vic^w,   X  3.     Graciosa  Ridge,  near  Orcutt  (4476).     Character- 
istic oi  this  horizon. 
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PLATE  XXII. 
Fernando  (Pliocene)  Fossils. 

(Unless  otherwise  indicated  all  figures  are  natural  size.) 

Fig.  la.  Pholculidea  ovMea  Gould.     U.S.N.M.  165277.     Longitude  58  mm.     View  of 

valve.     Waldorf  asphalt  mine  (4473).     Also  known  recent. 
Fig.  16.  View  of  hinge  region  of  both  valves. 
Fig.  2.  Purpura  crispata  Chemintz.     U.S.N.M.  165278.     Altitude  20  mm.     Aperture 

view.     One  mile  north  of  Schumann  (4474).     Also  known  recent. 
Fig.  3a.  Leda  taphria  Dall.     U.S.N.M.  165296.     Longitude  10.5  mm.     View  of  exte- 
rior, X  3.     Fugler  Point  asphalt  mine,  near  Gary  (4475).    Also  known 

recent. 
Fig.  36.  View  of  hinge  region  of  both  valves. 
Fig.  4a.   Terebratalia  occidentalis  Dall.     U.S.N.M.   165300.    Ventral  valve;  latitude 

30  mm.    View  of  exterior.     Fugler  Point  asphalt  mine,   near  Gary 

(4475).     A  variable  species.     Also  known  recent. 
Fig.  46.  View  of  dorsal  valve  of  same  specimen. 
Fig.  5.  Macoma  nasuta  Conrad.     U.S.N.M.   165276.     Longitude  47  mm.    View  of 

right  valve.     Waldorf  asphalt  mine  (4473).     Also  known  recent  and  in 

Miocene. 
Fig.  6.  Phacoidea  nuttalli  Conrad  var.  antecedcns  Arnold.     U.S.N.M.  165290.    Type. 

Left  valve;  longitude  23  mm.    View  of  exterior,  X  2.     Alcatraz  asphalt 

mine,  near  Sisquoc  (4471).     Characteristic  of  this  horizon. 
Fig.  7.  Cryptoniya  ovalis  ConnLd.     U.S.N.M.  165289.     Left  valve;  longitude  23  mm. 

Alcatraz   asphalt   mine,    near    Sisquoc   (4471).     Characteristic  of   this 

horizon. 
Fig.  8.  Dosinia  ponderosa  Gray.     U.S.N.M.  165295.     Right  valve;  altitude  105  mm. 

View  of  exterior,    X  J.     Alcatraz  asphalt   mine,   near  Sisquoc   (4471). 

Also  known  recent. 
Vi(j.  9.  Leda  or cutti  Arnold.    U.S.N.M.  165271.     Type.     Longitude '7  mm.     View  of 

exterior,  X  3.     Waldorf   asphalt   mine    (4473).     Characteristic   of   this 

horizon. 
Fig.  10.    Tape^  tenerrima  Carpenter.     U.S.N.M.    165293.     Left  valve;  longitude   83 

mm.     View  of  exK^ior.     Alcatraz  asphalt  mine,  near  Sisquoc  (4471). 

Common  in  the  Pliocene     Also  known  recent. 
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PLATE  XXIII. 

Fernando  (Pliocene)  Fossils.* 

(Unless  otherwise  indicated  all  figures  are  natural  size.) 

Fio.  1.  Spisula  sisquocensis  Arnold.     U.S.N.M.  165292.     Type.     Left  valve;  longi- 
tude 120  mm.     View  of  exterior,   X   i-     Alcatraz  asphalt  mine,  near 

Sisquoc  (4471).     Characteristic  of  this  horizon. 
Fir..  2.   Clidiophora  punctata  Carpenter.     U.S.N.M.  165302.     Right  valve;  longitude 

36  mm.     View  of  exterior.     Graciosa  Ridge,  near  Orcutt  (4476).     Also 

known  recent. 
Fig.  3.  Clidiophora  punctata  Carpenter.     U.S.N.M.   165283.     Left  valve;  longitude 

35  mm.     View  of  interior.     Graciosa  Ridge,  near  Orcutt  (4476).     Also 

known  recent. 
Fig.  4.    Venericardia  califomica  Dall.     U.S.N.M.  165274.     Altitude  29  nmi.     Aperture 

view.     Waldorf  asphalt  mine  (4473).     Characteristic  of  this  horizon. 
Fig.  5.   Cuming  ia  calif  arnica  Conrad.     U.S.N.M.  165311.     Left  valve;  longitude  17 

mm.     View  of  exterior,   X   2.     Fugler  Point  asphalt  mine,  near  Garv' 

(4475).     Also  known  recent. 
Fig.  6.  Spisula   catillifonnis   Conrad   var.    alcatrazensis   Arnold.     U.S.N.M.    165291. 

Type.     Right  valve;  longitude  128  mm.     View  of  exterior,  X  i-     Alca- 
traz asphalt  mine,  near  Sisquoc  (4471).     Characteristic  of  this  horizon. 
Fig.  7.  Bathytoma  carpenteriana  Gabb  var.  fernandoana  Arnold.     L^.S.N.M.  165303. 

Type.     Altitude  24  mm.     Aperture  vi(^w.     Graciosa  Ridge,  near  Orcutt 

(4476).     Characteristic  of  this  horiz(m. 
Fig.  8.  Phacoides  annulatus  Reeve.     U.S.N.M.   1G5286.     Right  valve;  longitude  45 

mm.     View  of  exterior.     One  mile  north  of  Schumann  (4474).     Common 

in  the  Fernando  and  also  found  recent. 
Fig.  9a.  Phacoides  intensus  Dall.     L^.S.N.M.  165260.     Left  valve;  altitude  6.5  mm. 

View  of  exterior,   X  4.     Waldorf  asphalt  mine  (4473).     Found  also  in 

same  horizon  at  San  Diego. 
Fig.  96.  View  of  intc  rior  of  same  specimen,  X  4. 
Fig.  10.  Ostrfavtatchii  G'dhh.     U.S.N.M.  165282.     Left  valve;  altitude  96  mm.     View 

of  exterior.     One  mile  north  of  Schumann  (4474).     Characteristic  of  this 

horizon. 
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PLATE  XXIV. 

Fernando  (Pliocene)  Fossils. 

(Unless  otherwise  indicated  all  figures  are  natural  size.) 

Fig.  1.  Crejyidida  pnnceps  Conrad.  U.S.N.M.  165268.  Longitude  76  mm.  Side 
view.  Waldorf  asphalt  mine  (4473).  Known  only  in  the  fossil  state, 
and  found  in  Santa  Barbara  County  only  in  the  Fernando  formation, 
although  it  is  known  from  the  lower  Miocene  farther  north. 

Fic.  2.  Crepidula  pnnceps  CouT^id.  U.S.N.M.  165315.  Longitude  106  mm.  View  of 
interior,  showing  deck.     Packards  Hill,  Santa  Barbara. 

Fki.  3.  Asiyris  richthofeni  Gabb.  U.S.N.M.  165266.  Altitude  14  mm.  Aperture 
view,  X  2.     Waldorf  asphalt  mine  (4473).     So  far  known  only  as  fossil. 

Fig.  4.  Nassa  califomiana  Conrad.  U.S.N.M.  165304.  Altitude  30  mm.  Aperture 
view.  Graciosa  Ridge,  near  Orcutt  (4477).  Characteristic  of  this 
horizon  in  the  Santa  Maria  district. 

Fig.  5.  Area  trilineata  Conrad.  U.S.N.M.  165301.  Left  valve;  longitude  46  mm. 
View  of  exterior.  Fugler  Point  asphalt  mine,  near  Gary  (4475).  Com- 
mon in  the  Fernando  and  equivalent  formations  and  also  found  in  the 
Monterey. 

Fig.  6.  Echinarachn ius  ashleyi  Merriam.  U.S.N.M.  165259.  Maximum  diameter  69 
mm.     View  from  above.     Graciosa  Ridge,  near  Orcutt  (4469). 

Fig.  7.  Echinarachnius  ashleyi  Merriam.  U.S.N.M.  165259.  Maximum  diameter  47 
mm..   View  from  below.     Same  locality  as  fig.  6. 

Fig.  8.  Echinarachnius  excentricus  Eschscholtz  var.  U.S.N.M  165285.  Maximum 
diameter  41  mm.  View  of  toj).  One  mile  north  of  Schumann  (4474). 
This  variety  is  j^robably  characteristic  of  this  horizon. 
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PLATE  XXV. 

Fernando  (Pliocene)  Pectens. 

(Unless  otherwise  indicated  all  figures  are  two-thirds  natural  size.) 

Fkj.  la.  Pedm  iPcetm)  stearmii  Dall.  U.S.N.M.  148008.  Right  valve:  altitude 
87  mm.  View  of  exterior.  San  Diego  formation  (Pliocene),  Pacific 
Beach,  San  Diego  County,  Cal.  Common  in  the  Fernando  formation 
of  s')uthern  California. 

Ficj.  16.  Same  sj)ecimen  as  fig.  la.     Exterior  of  left  valve. 

Fig.  2a.  Pectin  (PatinopecUn)  oirnii  Arnold.  Collection  of  University  of  California. 
Type.  Right  valve,  anterior  ear  slightly  broken;  altitude  85  mm. 
View  of  exterior.     Foxen's  ranch.     Characteristic  of  this  horizon. 

Fig.  2b.  Same  specimen  as  fig.  2a.     Exterior  of  left  valve. 

Fig .  3.  Pecten  ( (lilamys)  laiisom  Arnold .  (\>llect  ion  of  California  Academy  of  Science. 
Type.  Right  valve  (umbo  and  ears  missing);  longitude  G5  mm.  View 
of  exterior.  One  mile  north  of  Schumann.  Characteristic  of  this 
horizon. 

Fig.  4.  Pecten  (  (lilamys)  tvattsi  Arnold.  Collection  of  California  Academy  of  Science. 
Type.  Slightly  imperfect  left  valve;  altitude  (J6  mm.  View  of  exte- 
rior. Lower  Pliocene,  Kreyenhagen's  ranch,  Fresno  County.  Common 
in  the  Fernando  ot  southern  California. 

Fig.  5.  Pecten  hemphUli  Dall.  U.S.N.M.  1(55280.  Left  valve;  altitude  22.50  mm. 
View  of  exterior,  X  !§•  One  mile  north  of  Schumann  (4474).  Charac- 
acteristic  of  this  horizon. 
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PLATE  XXVI. 

Fernando  (Pliocene)  Pecten. 

(Unless  otherwise  indicated  all  figures  are  two-thirds  natural  size.) 

Fin.  1.  Pecten  (Patinopecten)  healeyi  Arnold.  U.S.N.M.  148012.  Holotype.  Right 
valve;  altitude  121  mm.  View  of  exterior.  San  Diego  formation  (Pli- 
ocene), San  Diego  County,  Cal.  Characteristic  of  the  Fernando  forma- 
tion throughout  the  Coast  Range. 

Fio.  2.  Pecten  (Patinopecten)  healeyi  Arnold.  U.S.N.M.  154162.  Paratype.  Left 
valve;  altitude  141  mm.  View  of  exterior.  San  Diego  formation  (Pli- 
ocene), Pacific  Beach,  San  Diego  County,  Cal. 
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Chrysodomus  sp.,  occurrence  of 58 

Clarke,  F.  VV.,  on  age  of  oil 113 

Clidiophora     punctata     Carpenter,    figure 

showing 148 

punctata  Carpenter,  occurrence  of 58 

Climate,  description  of 26 

Coast  terraces,  description  of 23-24,25 

Codakia  sp.,  occurrence  of 32 

Columnar  section,  plate  showing 26 

Contour  map  of  Santa  Maria  field 92 

preparation  of 92-93 

Conus  homll  Gabb,  occurrence  of 32 

sp.,  occurrence  of 32 

Cooper.  H.  N.,  analyses  by 115-117 

Cosclnodiscus  heteropurus  Ehr..  occurrence 

of 4; 

marginatus  Ehrenbcrg  occurrence  of .. .  40,4! 

marginatus  Ehrenberg  var.  intermedia 

Rathay,  occurrence  of 40, 4: 

nodulifcr  Janlsh,  occurrence  of 4; 

obscurus  A.  S..  figures  showing 142 

occurrence  of 4: 

oculus  Iridls  Ehr.,  figure  showing 140 

occurrence  of 4: 

radlatus  Ehr..  occurrence  of 41 

robust  us  Grcv.,  figure  showing 142 

occurrence  of 40, 4! 

subtilis  Ehr.  figure  showing 142 

occurrence  of 4 

Crassatelitescolllna  Conrad,  figure  showing.      126 

collina  Conrad,  occurrence  of 32 

sp.,  occurrence  of 32 

Crcpidula  princeps  Conrad,  figure  showing .      150 

princeps  Conrad,  occurrence  of 58 

Cretaceous  rocks,  character  of 27 

description  ol 28 

fossils  In,  plate  showing 128 

occurrence  of 12 

Cretaceous  time,  history  In 66 

Cruclbulum  spinosum  Sowerby,  occurrence 

of 58 

Cryptomya  ovalis  Conrad,  figure  showing  . .      146 

ovalis  Conrad,  occurrence  of 58 

Cuaalui  Creek,  fossils  near 58-00 

oil  near 90 

Cumlngiacalifomica  Conrad,  figure  showing      148 

califomlca  Conrad,  occurrence  of .W 

Cuyama  lUver,  geology  on 35 

volcanic  ash  on,  view  of 34 


D.  Pago. 

Development,  future,  probabilities  of 79-80, 

86,88,90,91 
Developments,  present,  detailed  descriptions 

of 92-109 

Diabase,  occurrence  of 65 

Diatomaceous  earth,  description  of 38 

occurrence  of 33-34,35,38,54-55,89 

views  of 34, 36 

Diatoms,  occurrence  and  character  of . . .  38-39, 68 

oil  from 110 

plates  showing 140-142 

See  also  Diatomaceous  earth. 

Dictyoclia  gracilis,  figure  showing 142 

Diploneis,  occurrence  of 40 

Divide,  geology  near 54 

Dosinla  elevata  Gabb,  occurrence  of 32 

ponderosa  Gray,  figure  showing 146 

occurrence  of 58 

Drainage,  description  of 25 

Drlllia  graclosana  Arnold,  figure  showing  . .      144 

graclosana  Arnold,  occurrence  of 58 

Johnsoni  Arnold,  figure  showing 144 

occurrence  of 58 

waldorfensis  Arnold,  figure  showing 144 

occurrence  of 58 

Drilling,  cost  of 120 

Dune  sand,  occurrence  and  description  of . .  63-l>4 


Echinarachnius    ashleyl    Merriam,    figure 

showing 150 

ashleyl  Merriam,  occurrence  of ,'i8 

exoentricus  Esch.  var.,  figure  showing..      150 

occurrence  ol .'V8 

El  Jaro  Creek,  fossils  at 40 

Monterey  shale  on 35,39 

analysis  of 45 

Eldridge  0.  H..  on  geology  of  region —  13-14,.'iO 

Eocene  rocks,  character  of 27 

description  of .      29-33 

fossils  In.  plates  showing 126, 128, 130 

Eocene  time,  history  in 66-67 

Escolle-Pinal- Folsom-Santa  Maria  Oil  and 

Gas  area,  description  of 98-99 


Fairbanks,  H.  W.,  on  geology  of  region 11-1.1, 

31,39,40.64-ti5,108 

Faults,  occurrence  of 77-78,85, 105 

Fernando  formation,  age  of 57-60 

contact  of  Monterey  and,  topographic 

expression  of 22 

character  of 54-55 

correlation  of 27, 52 

deposition  of 69-70 

description  of 52-60 

diatomaceous  earth  in 54-55 

view  of 98 

distribution  of 52,57 

fossils  of 57-60 

plates  showing 144-154 

name  of 52 

oilin 53 

structure  of 56-57 

terrace  deposits  and,  siinilarity  of 61-62 

thickness  of 52 
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25 
46 
126 
32 


Fernando  formation,  topography  on 

view  of 

Ficus  mamillatus  Gabb,  figure  showing 

mamillatus  Gabb,  oceurrenoo  of 

Field  work,  period  and  extent  of 9 

Figueroa  Creek,  Fernando  gravel  on.  view 

of 46 

Foisom-Santa  Maria  Oil  and  Gaa-EscoUe- 

Pinal  area,  description  of 8^99 

Foraminifera,  occurrence  of 39-40 

oil  from 110 

Ford,  H.  C,  on  burning  of  shale 48 

Fossils,  occurrence  and  character  of 28, 

32-33,58-60,110-111 

plates  showing. 126-154 

Fox-Hobbs-Pinal  area,  description  of 96-97 

Franciscan  formation,  character  of 27 

description  of 27-28 

Fugler  Point,  asphalt  at 78 

fossils  near 57-60 

oil  near 79-80, 91 

Fusus  occidentals  Gabb,  occurrence  of 32 

spM  occurrence  of 58 

G. 

Galcrus  inomatus  Gabb,  occurrence  of 58 

Gary,  asphalt  near 78 

oil  near 91 

Gas,  occurrence  of 95,96,98, 104, 106, 118 

oil  flows  due  to 73-74 

Gasteropod  sp..  occurrence  of 32 

Gasteropoda,  piate  showing 144 

Qato,  Canada  del,  oil  In  and  near .  80-90 

Gato  Ridge  anticline,  oil  on 89-90,91 

structure  of 88-89 

Geography  of  region,  outline  of 15-16 

Geologic  history,  outline  of 66-71 

Geologic  map  of  Santa  Maria  district... Pocket 

accuracy  of 9 

Geologic  sections,  plate  showing 74 

Geology,  bibliography  of 10-14 

columnar  section  showing 26 

description  of 26-71 

previous  investigation  of 10-14 

Olycyraeris  barbarcnsis  Conrad,  occurrence 

of 58 

veatchll  Gabb  var.  major  Stanton,  oc- 
currence of -  32 

Graciosa  Ridge,  asphalt  on 88, 118 

dlatomaceous  earth  on 38 

view  of 98 

fire  in 48,51 

geology  on  and  near 49, 63 

Graciosa  wells,  fossils  near .57-00 

view  at 80 

Graciosa- Western  Union  area,  description 

of 101,103 

Guadalupe  quadrangle,  part  of  region  in 15 

Gjrpsum,  occurrence  of 37 

H. 

Hall-Hobbs-Rice  ranch  area,  description  of.  94-96 

Harris,  geology  near 52 

Harris  Canyon,  fossils  near 57-60 

Hartnell  anticline,  relations  of 87 

Hartnell-Brookshire  area, description  of..  9^101 


Page. 
Hartnell  well  No.  1,  gas  pressure  in 118 

saddle  at,  view  of 98 

yield  on 101 

Hill  wells,  fossils  near 57-60 

yield  of 105 

History,  outline  of 14 

History,  geologic,  outline  of 66-71 

Hobbs-Plnal-Fox  area,  description  of 96-97 

Hobbs-Rice  ranch-Hall  area,  description  of.  94-96 

Horsetown  formation,  correlation  of 27 

Howard  Canyon,  fossils  near 57-60 

oil  near 91 

Huasna  field,  development  in 14, 109 

structure  In 109 

Hunt,  Sterry,  on  occurrence  of  oil 71 

I. 

Igneous  rocks,  description  of 64-66 

intrusion  of 66, 69 

J. 

Jurassic  rocks,  character  of 27 

description  of 27-28 

K. 

Koeley,  F.  J.,  fossils  determined  by 40 

on  putrefaction  of  diatoms 112 

Keimerlia  sp.,  occurrence  of 58 

Knoxvllle  formation,  character  of 27 

description  of 28 

fossils  of,  plate  showing 128 

L. 

La  Zaca  Creek,  asphalt  near 118 

oil  and  asphalt  on 86 

La  Zaca  Creek-Lisquc  Creek  anticline,  oil  In.       91 

structure  of 90-91 

Labrea  Creek,  asphalt  on 78 

Laguna  Scca,  Canada,  fossils  near 57-60 

Leda  orcutti  Arnold,  figure  showing 140 

orcutti  Arnold,  occurrence  of 68 

taphria  Dall.  figure  showing. 146 

occurrence  of 58 

LIthodesmium    comigerum    Brun,    figure 

showing 142 

comigerum  Brun,  occurrence  of 41 

Location  of  region 15 

Lompoc,  development  near 14 

dlatomaceous  earth  near 38 

geology  near 36 

oil  near 80 

structure  near 80 

Lompoc  field,  description  of 104-107 

geology  of 106 

oil  in 106-107 

structure  of 104-105 

Lompoc  quadrangle,  part  of  region  In 15 

Lompoc  terrace,  definition  of 16 

Los  Alamos  Valley,  description  of 21 

geology  in  and  near 13,55,56 

Lospe,  Mount,  altitude  of 19 

geolog>'  of 28 

Lucapina  erenulata  Sowerby,  occurrence  of.       58 

Lunatia  lewisii  Gould,  figure  showing 144 

occurrence  of .'>8 
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Lymnsea  alamosensis  Arnold,  flgures  show- 
ing   144 

alamosdnsis  Arnold,  occurrence  of 59 

Lyropecten  bowersi  Arnold,  figure  showing.  138 

bowersi  Arnold,  occurrence  of 32 

crassicardo  Conrad,  figure  showing 138 

occurrence  of 32 

magnolia  Conrad,  figure  showing 134 

occurrence  of 32 


McKay  and  Mulholland  development  by. . .        14 

Macoma  nasuta  Conrad,  figure  showing 146 

nasuta  Conrad,  occurrence  of 69 

secta  Conrad,  occurrence  of 59 

sp.,  occurrence  of 59 

Mactra  uvasana  Conrad,  occurrence  of 32 

sp.,  occurrence  of 59 

Mann,  Albert,  on  origin  of  oil 110-111 

Map  of  Santa  Maria  field 92 

contours  of 92-93 

preparation  of 93 

Map,   geologic   and    structural,    of   Santa 

Maria  district Pocket 

Martinez  formation,  correlation  of 27 

Melosira  sulcata  Ehr.,  occurrence  of 40 

Merced  formation,  correlation  of 27 

Meretrix  uvasana  Conrad,  occurrence  of 32 

sp.,  occurrence  of 32 

Metaraorphism  of  Monterey  shale,  by  heat...  48-^2 

by  water 45-47 

Mlltha  sp.,  occurrence  of. 32 

Miocene  rocks,  character  of 27 

description  of 29-52 

fossils  in,  plate  showing 132-142 

occurrence  of. 12-13 

Miocene  time,  history  in 67-69 

Miopleiona  oregonensis  Dall,  occurrence  of.       59 

Modelo  formation,  correlation  of 27 

Modiolus  rectus  Conrad,  occurrence  of. 59 

yneziana  Arnold,  figure  showing 132 

occurrence  of 32 

Monia  macroschisma  Deshayes,  occurrence 

of 59 

Monterey  shale,  age  of 33,47 

alkalinity  of 37 

alteration  of,  by  water 45-47 

analyses  of 45 

burning  of 48-52 

See  also  Burnt  shale. 

character  of '. 33-34 

chemical  composition  of 44-45 

contact  of  Fernando  and,  topographic 

expression  of 22 

correlation  of 27 

deposition  of 68-69 

description  of 33-52 

diatomawous  earth  in 33-34,35,38* 

distribution  of 33 

divisions  of,  descriptions  of 34-38 

folds  and  faults  in 76-78 

folds  in,  view  of 46 

fossils  in 39-43 

plates  showing 140,142 

intrusions  in 65-66 

materials  of 38-43 
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Monterey   shale,   mechanical    composition 

of 38-44 

metamorphism  of,  by  burning 48-52 

microscopic  appearance  of 43-44 

monocline  in,  view  of 80 

name  of 33 

oil  in 33,123 

See  also  Oil. 

outcrops  of,  views  of 34,36 

structure  of 47,76-91 

thickness  of 47 

topography  on 34-25 

views  of 36 

Mount  Solomon  anticline,  description  of . . .  87-88 
See  also  Solomon,  Mount. 

Muricidea  sp.,  occurrence  of 50 

Mussel  Rock,  oil  near 83 

Mya  tnmcata  Linn^.  occurrence  of SO 

MytUus  mathewsonii  Qabb,  occurrence  of . .       32 
sp.,  occurrence  of 60 

N. 

Nassa calif omiana  Conrad,  figure  showing. .  150 

califomiana  Conrad,  occurrence  of 50 

waldorfensis  Arnold,  figure  showing 144 

occurrence  of 50 

Naticaclausa  Broderip  and  Sowerby,  figure 

showing 1 44 

clausa  Broderip  and  Sowerby,  occur- 

renceof 60 

Neverita  recluziana  Petit,  figure  showing. .  144 

recluziana  Petit,  occurrence  of 50 

sp.,  occurrence  of 32 

Newlove  anticline,  character  of 101-102 

Nucula  truncata  Gabb,  occurrence  of 32 

O. 

Oak  Canyon,  bitumen  In 84 

Ocinebra  lurida  Middendorf,  occurrence  of. .        59 
micheli  Ford  var.  waldorfensis  Arnold, 

figure  showing 144 

var.  waldorfensis  Arnold,  occurrence 

of 50 

Oil,  age  of 113 

analyses  of 115-118 

burning  of 48-52 

character  of . .  95,97,99, 101 ,  102, 104, 107-109, 123 

chemical  properties  of 114-118 

color  of 114 

distillation  of 116 

■  flow  of,  causes  of 72-73 

future  development  of 79-80,86,88,90,91 

gas  and,  relations  of 73-74 

gravity  of 9, 114, 123 

migration  of 72-73 

occurrence  of,  conditions  affecting 71-91 

indications  of 74-75, 

78,81,82-83,85,88,80-91 

theory  of 71-72 

odor  of 114 

origin  of 109-1 13, 123 

physical  properties  of 113-114 

refineries  for 122 

storage  of 121 

transportation  of 121 

utilization  of 122 

viscosity  of 114,116 
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Oil  companies,  list  of 119-120 

number  of 124 

Oil  fields,  detailed  descriptions  of 02-109 

See  alto  particular  fields. 
Oil  wells,  character  of 123 

drUllngof 120 

geology  of 94-05 

oil  of 95,97,99, 101, 102, 104, 123 

yield  of.  9,96,97,99-104,107,109,120-121,123,124 
Oil  zones,  character  of 73,93-102, 104 

geologic  position  of 94,106-107 

Olivella  biplicata  Sowerby,  occurrence  of . . .       59 

intorta  Carpenter,  occurrence  of 50 

O'Neill,  Edmond,  analyses  by 117-118 

on  Santa  Maria  oil 117 

Opalia  anomala  Steams,  oocurrBnce  of 50 

varicostata  Steams,  occurrence  of 50 

Orcutt,  fossils  near 58-^ 

Orcutt,  W.  \V..  work  of 87 

Orogenic  movements,  occurrence  of 66-70 

Ostreaeldridgei  Arnold,  figure  showing. ..  134,138 

eldridgel  Arnold,  occurrence  of 32 

idriaensis  Oabb,  figure  showing 130 

occurrence  of 32 

veatchii  Gabb,  figure  showing 148 

occurrence  of 59 

»p.,  occurrence  of 32 


V. 


Panomya  ampla  Dall,  occurrence  of 50 

Panopea  generosa  Gould,  occurrence  of 60 

Patinopwten  healeyi  A mold.figure  showing.  154 

healeyi  A  moid,  occurrence  of 50 

oweni  A  mold,  figure  showing 152 

occurrence  of 50 

Pecten  (Lyropecten)  bowersi  Arnold,  figure 

showing 138 

(Lyropecten)    bowersi    Arnold,    occurs 

renceof 32 

(Plagioctenium)  ct^rrocensis  Gabb,  oc- 
currence of SO 

(Lyropecten)  crassicardo  Conrad,  figure 

showing 138 

occurrence  of 32 

(Patinopectcn)    healeyi   Arnold,   figure 

showing 154 

occurrence  of 69 

(Pecten)  hemphllli  Dall,  figure  showing.  152 

occurrence  of 60 

(Chlamys)  lawsoni  Arnold,  figure  show- 
ing   152 

occurrence  of 60 

(Amusium)  lompocensis  Amold,  figure 

showing 138 

occurrence  of 32 

(Lyropecten)  magnolia  Conrad,  figure 

showing 134 

occurrence  of 32 

(Patinopecten)    oweni    Arnold,    figure 

showing 152 

occurrence  of 50 

(Chlamys)  sespeensis  var.  hydei  Arnold, 

figure  showing 136 

occurrence  of 32 

(Pecten)  stearaiii  Dall,  figure  showing .  152 

oooumnoeof M 
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Pecten  vanvlecki  Arnold,  figure  showing  ...      136 

occurrence  of 32 

(Pecten)  wattal  Arnold,  figure  showing.      152 

occurrence  of 59 

(Chlamys)     yneziana     Amold,     figure 

showing 126, 128 

occurrence  of 32 

Pectens,  plates  showing i,'>2, 154 

Pelecypoda,  plates  showing 130, 136, 138 

Phacoides  acutilineiitus  Conrad,  occurrence 

of 47 

annulatus  Reeve,  figu  re  showing 148 

occurrence  of 59 

cumulata  Gabb,  figure  showing 130 

occurrence  of 32 

intensus  Dall,  figure  showing 148 

occurrence  of 59 

nuttallii   Conrad   var.   antocedens   Ar- 
nold, figure  showing 146 

var.  antecedens  Arnold,  occurrence 

of 59 

(Miltha)  sp.,  occurrence  of 32 

Pholadidea  ovoidea  Conrad,  figure  showing.      146 

o voidea  Conrad,  occu  rrenee  of 59 

sp.,  occurrence  of 59 

Pinal- Folsom-SanU  Maria  Oil  and   Gas- 

Escolle  area,  description  of 98-09 

Pinal- Fox-Hobbs  area,  description  of 96-97 

Pinal  Oil  Co.,  development  by 14 

Pine  (Canyon  anticline,  description  of 83 

Pipe  lines,  location  of 121 

Plagioctenium  cerrocensis  Gabb,  occurrence 

of 59 

Platyodon  cancellatus  Conrad  van,  occur- 
rence of 59 

Pleistocene  deposits,  character  of 27 

terraces  of.    See  Terraces. 

Pleistocene  time,  history  in 70 

Pleurotoma  (Borsonia)  sp.,  occurrence  of ..       59 

Pliocene  rocks,  character  of 27 

fossils  in,  plates  showing 144-154 

Pliocene  shells,  occurrence  of 13-14 

Point  Sal  Ridge,  definition  of 16 

geology  of 12-13,65 

Population,  number  of 15 

Price  Canyon,  oil  in 107 

Priene  oregonensis  Redfield  (Young),  figure 

showing 144 

oregonensis   Redfield    (Young),   occur- 
rence of 59 

var.  angelensis  Amold,  occurrenfce 

of 59 

Production,  amount  of 9, 96, 97, 

99-104, 107, 109, 120-121 

Pratzman,  P.  W.,  analyses  by 115, 117 

Purisima  formation,  correlation  of 27 

Purisima  Hills,  asphalt  in 85 

definition  of 16 

description  of 21-22 

diatomaceous  earth  in 38, 54-55 

geology  In 56 

oil  in 84-86,91 

structure  of 84-85 

Purpura  crispaU  Chemnitz,  figure  Rowing.      146 

crispata  Chemnitz,  occurrence  of 59 

Putrefaction,  rate  of,  influence  of,  on  pro- 
duction of  oil 112 
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Quaternary  deposits,  character  of 27 

description  of 60-64 

Quaternary  terraces,  description  of  23-24, 25, 60-63 
Quaternary  time,  history  in 69-71 

R. 

Radiolaria,  occurrence  of 39,40 

Railroads,  access  by 15 

Rainfall,  amount  of 25-26 

Redrock  Mountain,  altitude  of 22, 49 

asphalt  near 85, 118 

geology  on 49 

oil  on 86 

Refineries,  statistics  of 122 

Relief,  description  of 16-25 

R^sum^  of  paper 122-124 

Rice  ranch-Ilobbs-Hall  area,  description  of.  94-96 
Rlncon  Volcano,  duration  of 49 

S. 

Salsipucdcs  Creek,  fossils  at 40 

Monterey  shale  on 35, 39 

analysis  of 45 

geology  on 62 

San  Antonio  terrace,  definition  of 16 

diatomaceous  earth  in 38 

oil  in 82-83,91 

structure  of 81-82 

San  Lorenzo  formation,  correlation  of 27 

San  Luis  formation,  correlation  of 27 

San  Pablo  formation,  correlation  of 27 

San  Pedro  formation,  correlation  of 27 

San  Rafael  Mountains,  definition  of 15 

description  of 17 

geology  of 30,31,35,55,65,68 

oil  in,  evidence  of 78 

future  development  of 79-80 

.  structure  of 75-78 

upheaval  of 69 

Sand,  occurrence  and  description  of 63-64 

Santa  Lucia  Canyon,  oil  near 91 

Santa  Maria  field,  contours  of 92-93 

map  of 92 

discussion  of 92-93 

oil  zones  In 93-94 

wells  of 93-104 

See  also  particular  areas. 
Santa  Maria  Oil  and  Gas  Co.,  lease  of,  fos- 
sils from 57-60 

Santa  Maria  Oil  and  G as- EscoUe- Pinal- Fol- 

som  area,  description  of 98-99 

Santa  Maria  Valley,  description  of 19 

geology  of 62 

oil  in 91 

Santa  Rita  Hills,  definition  of 16 

description  of 23 

diatomaceous  earth  in 38 

geology  in 35,57 

oil  In 81, 91 

structure  in 80-81 

Santa  Rita  Valley,  geology  In 56 

Santa  Ynez,  diatomaceous  earth  near 38 

oil  near 86 

Santa  Ynez  anticline,  description  of 86 
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Santa  Ynez  Mountains,  definition  of 15 

description  of 18-19 

geology  of 1 1-12, 29. 31, 62, 66-67 

oil  in : 80-81 

structure  of 80-81 

upheaval  of 69 

Santa  Ynez  Valley,  description  of 23 

Saxidomus  gracilis  Gould,  occurrence  of . . .  59 

sp.,  occurrence  of 59 

Scala  sp.,  occurrence  of 50 

Schumann,  fossils  near 57-60 

geology  near 54, 82 

Schumann  anticline,  description  of 81-82 

oil  In » 91 

relations  of 87-^ 

Schumann  Canyon,  geology  near 65 

oil  near 91 

Sea-urchin  bed,  fossils  from 57-60 

Sedimentary  rocks,  correlations  of 27 

description  of 26-64 

Serpentine,  occurrence  of 65 

Sespc  formation,  charact<^r  of 29 

correlation  of 27 

description  of 29-33 

occurrence  of 29 

Shale,  fractured,  accumulation  of  oil  in 73-74 

Sigaretus  debllls  Gould,  occurrence  of 59 

Silica  in  Monterey  shale,  origin  of 41-42 

Sllldficatlon,  effect  of 47 

Slllqua  edentula  Gabb,  occurrence  of 59 

Sisquoc,  asphalt  near 78 

fossils  near 57-60 

geology  near .'>4,.56,65 

oil  near ! 79,91 

Sisquoc  River,  asphalt  on 78 

Monterey  shale  on,  view  of 34 

Solen  slcarlus  Gould,  figure  showing 59 

sp.,  occurrence  of 32 

Solomon,  Mount,  altitude  of 20 

asphalt  on 88 

geology  near 54 

oil  In 88,91 

structure  of 87-88 

Solomon  Hills,  definition  of 16 

description  of 20-21 

geology  of 56 

Splsula  catllllformls  Conrad  var.  alcatraz- 

ensls  A  mold,  figure  showing —  148 
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EXPERIMENTAL  WORK  CONDUCTED  IN  THE  CHEMICAL 
LABORATORY  OF  THE  UNITED  STATES  FUEL-Ti:STING 
PLANT,  ST.  LOUIS,  JANUARY  i,  1905,  TO  JULY  .31,  1906. 


By  N.  W.  Lord. 


INTROIH'C^ION. 


The  experimental  work  reported  upon  herein  was  performed  at  the 
laboratory  of  the  United  States  fuel-testing  plant  on  the  grounds  of 
the  Louisiana  Purchase  Exposition  at  St.  Louis,  Mo.,  between  Janu- 
ar}'  1,  1905,  and  July  31, 1906,  and  was  undertaken  for  the  purpose  of 
checking  the  results  obtained  in  the  routine  work  of  the  laboratory, 
improving  the  methods  of  working,  and  investigating  the  chemical  and 
physical  properties  of  coal.  The  laboratory  having  been  designed 
primarily  for  the  analysis  of  the  coal  samples  sent  to  the  fuel-testing 
plant,  as  well  as  those  taken  in  connection  with  the  regular  testing 
opemtions  of  the  boiler,  gas-producer,  and  other  divisions  of  the  plant, 
only  a  ver}^  small  proportion  of  the  time  of  the  force  was  available  for 
experimental  work  outside  of  the  regular  routine. 

From  the  nature  of  such  work  it  was  not  possible  to  separate  the 
results  obtained  in  1905  from  those  obtained  in  1906,  especially  as 
many  of  the  experiments,  such  as  those  on  the  alteration  of  coal, 
involved  a  long  time  and  were  sttirted  in  1905  and  continued  to  the 
middle  of  1906.  This  report  therefore  covers  all  such  work  up  to 
its  completion  in  July,  1906. 

The  complete  history  of  thc^  coals  used  in  these  experiments  is  not 
given,  the  samples  ])eing  usually  referred  to  by  their  laboratory  num- 
bers only,  as  such  information  is  genemlly  not  necessary  and  does  not 
affect  the  interpretition  of  the  results  obtiiined  in  the  experiments. 
Fuller  information  as  to  any  particular  sample  may  be  found  in  the 
published  reports  of  the  fuel-testing  plant  for  1905  and  1906. 

In  the  following  pages  the  results  of  each  line  of  experimental 
work  are  given  under  a  special  heading  indicating  the  object  of  the 
investigation. 
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b  EXPERIMENTAL    WORK    IN    FUEL    TESTING. 

While  many  of  the  investigations  can  only  l3e  regarded  as  pre- 
liminary, it  is  believed  that  the  mass  of  the  results  will  be  of  value  in 
shedding  light  on  some  matters  of  general  interest. 

ACCURACY    OF   METHOD   OF   TAKING    CAR   SAMPLES. 

The  regular  method  of  taking  car  samples  has  been  fully  described 
under  "  Sampling  "  in  Professional  Paper  No.  48,  page  175.  To  check 
the  accuracy  of  this  method,  check  samples  on  two  cars  of  coal  i-ather 
high  in  moisture,  ash,  and  sulphur  were  taken  at  the  same  time  that 
the  regular  sample  was  taken,  by  opening  a  gate  in  the  conveyor  run- 
way every  four  or  five  minutes,  and  thereby  allowing  the  contents  of 
one  or  two  buckets  passing  at  that  time  to  be  emptied  into  a  small  bin. 
In  this  way  a  sample  of  l,iiOO  to  1,500  pounds  was  taken  during  the 
unloading  of  the  car.  This  sample  was  then  put  through  a  small 
crusher,  crushed  to  i-inch  size,  and  resampled  at  the  conveyor  buckets, 
and  a  sample  was  sent  to  the  chemical  laboratory  for  analysis.  In  the 
following  table  the  Indiana  coal  was  a  run-of-mine  coal,  and  the 
amount  sampled  was  approximately  20  tons;  and  the  Ohio  coal  was 
a  inin-of-mine  coal,  and  the  amount  sampled  was  approximately  26 
tons. 

Moisture^  ash,  and  sulphur  determinations  from  samples  of  tuo  cars  of  run-af-mine  coal. 

Indiana  coal.       '  Ohio  coal. 


Constituent. 

Regular 
sample. 

Cheek 
sample. 

Regular 
sample. 

9.01 
11.33 
4.02 

Check 
sample. 

Moisture 

10.  SO 
12.<>2 
4.39 

10.47 
12.92 
4.43 

a  43 

Ash 

11.58 

Sulphur 

4.02 

For  coals  containing  such  high  percentages  of  ash  and  sulphur  the 
agreement  between  these  independently  taken  .samples  is  satisfactory. 
It  indicates,  so  far  as  the  sampling  is  concerned,  that  the  analytical 
work  may  be  taken  as  closely  representing  the  average  of  the  carload. 

MOISTURK     LOSS    IN    COARSK    SAMPLKS    FROM    STANDING    IN    COVERED 

METAL    TAILS. 

The  large  samples  from  the  fuel-testing  plant  were  sent  to  the  labora- 
tory in  closed  metal  pails,  and  .some  of  them  were  allowed  to  stand  in 
the  pail  several  hours,  or  oc(;asionally  over  night,  before  sampling. 
To  .see  if  any  considcrahh*  amount  of  moisture  might  be  lost  in  this 
way,  a  portion  of  the  wot  sample  from  the  washery  (Pennsylvania  No. 
9  coal)  was  taken  as  th«'  most  favorable  case,  and  allowed  to  stand  for 
five  days  in  the  closed  pail  in  the  laboratory  before  sampling.  The 
average  temperature  for  the  five  days  was  18  ^  C,  and  the  atmo.spheric 
humidity  (K)  per  cent.     The  percentages  of  moisture  determined  by 
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MOISTURE    LOSSES    DURING    SAMPLING.  7 

analysis  of  this  sample,  and  analysis  of  the  portion  of  the  sample 
reduced  at  once,  are  as  follows: 

Per  cent. 

Portion  sampled  at  once 5. 07 

Portion  ^ampleil  after  standing  five  days 4. 58 

Loss  by  standing 49 

These  coals  dry  down  to  about  1  per  cent  moisture,  so  that  the 
loosely  held  and  surface  moisture  amounted  to  about  4  per  cent. 
From  this  experiment  the  moisture  loss  which  occurs  during  the  short 
time  that  the  sample  usually  h^  allowed  to  stand  in  the  laboratory 
before  sampling  would  appear  to  be  unimportant. 

INVESTIGATION    OF   MOISTURE    LOSSES    DURING    SAMPLING. 

In  preparing  the  samples  for  these  tests  the  coarse  sample  (40  to  50 
pounds  in  weight),  when  received  at  the  laboratory,  was  divided  by 
quartering.  One  portion  of  500  grams  was  at  once  ground  without 
air  drying  in  the  ball  mill.  Another  portion  of  about  5  to  10  pounds 
was  air  dried  in  the  usual  way  before  the  final  pulverization.  The 
results  (reduced  to  sample  as  received)  in  moisture  and  ash  for  the 
two  portions  are  as  follows: 

Moisture  and  ash  determinations  on  air-dried  samples  and  fresh  samples  of  coal. 


Designation  of  sample. 


ReRiilar  SHcnple 

Fresh  sample  (not 

(airUricd). 

airdrie<l). 

Moisture. 

Ash. 

Moisture. 

Asb. 

J      13.  M 

10.74 

a93(> 

11.87 

\      13. 11 

10  32 

W.^l 

10.40 

s;^.^^ 

7.30 

33  00 

7.65 

5.19 

14.01 

ihts 

14.16 

10.57 

11.65 

9.9;> 

11.98 

15. 6.>s 

15. 59 

14.78 

16.11 

13.47 

11  W 

12  43 

11  63 

KJ.K) 

11.74 

1-2  5h 

11  15 

il.91 

13  01 

11  5h 

12. 57 

rilinois 

Texas  No.  4 

Arkanstis  No.  8.. 
Indiana  No.  12.. 
niinoisNo.23B. 
Illinois  No.  '23  A 
Missouri  No.  f.... 
Illinois  No.  22  A. 


«This  sample  wns  ground  very  Hne  in  Kail  mill,  which  probably  Hccoiints  for  the  los.«4  being  so  large. 

The  results  obtained  for  moisture  from  the  original  samples  that 
were  crround  down  without  preliminary  air  drying  are  without  excep- 
tion decidedly  lower  than  the  results  obtained  from  the  regularly  pre- 
pared air-dried  samples  when  calculated  to  the  sample  as  received, 
the  greatest  diflference  being  over  1  per  cent  and  the  average  difference 
over  li^  per  cent.  Furthermore,  the  fine  sample,  after  being  ground 
without  previous  air  drying,  as  shown  by  experiments  (see  pp.  13-17), 
gives  up  moisture  so  readily  as  to  indicate  that  a  large  additional  loss 
during  the  handling  and  weighing  of  the  sample  in  the  laboratory  is 
almost  certain.  The  consequent  errors  due  to  moisture  losses  are 
liable  to  l)e  so  large  as  to  affect  very  seriously  the  accuracy  of  the 
result*^  obtained. 
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0  EXPERIMENTAL    WORK    IN    FUEL    TESTING. 

DETERMINATION     OF   ERRORS    DUE    TO   ABRASION    OF    PEBBLES    USED   IN 

BALL   MILL. 

During  the  Louisiana  Purchase  Exposition  the  final  pulverization  of 
the  samples  was  done  on  a  bucking  board.  In  the  work  done  during 
1905  the  final  grinding  of  the  sample  was  done  in  closed  jars  in  the 
ball  mill,  quartz  pebbles  being  used. 

In  order  to  determine  whether  there  was  danger  of  materially  increas- 
ing the  ash  contents  of  the  samples  from  chipping  and  abrasion  of  the 
pebbles  used  in  grinding,  these  pebbles  were  carefully  weighed  at  inter 
vals  and  the  amount  of  loss  determined.  The  weight  of  .the  sample 
ground  each  time  in  the  ball  mill  is  approximately^  500  grams,  and  the 
abrasion  of  the  pebbles  (calculated  as  percentage  of  the  weight  of  the 
samples  ground)  wks  also  carefully  determined.  The  results  on  three 
weighed  lots  of  pebbk>s  are  avS  follows: 

jAJSfif'.H  of  weight  in  three  tots  of  quartz  pehbles  before  and  after  (/rinding  in  the  Ml  mill. 


Total 
wc'ighlof 
samples 
gnuiiHl. 


No.  1  (2.'i0  samples  ground) 125, (KK) 

No.  2  {2;i0saniples  jrroiiiul) '    115  (MKI 

No.  3  (24.'»8amplesKroiind) ri-\.500 


Weight  of  |)ebbles.  i  Loss  by  ubrasion. 


Before 
grinding 


Grants. 
4.118  r. 
3. 5(>2. 9 
4,273.2 


After 
grinding. 


Actual. 


Grams.  Grams. 

4.113  1  5.5 

3.499.4  i  3.5 

4,268.3  !  4.9 


Ualio  to 

coil  I 
ground. 

/Vt  cent. 

0.004 

.003 

.(K)4 


These  results  show  that  as  far  as  the  fine  pulverization  of  the  coal  is 
concerned,  there  is  little  or  no  danger  of  increasing  the  ash  content 
of  the  sample  appreciably  by  using  quartz  pebbles  as  the  grinding 
medium.  The  pebbles  used  show  no  tendency  to  chip,  as  the  loss 
between  weighings  taken  before  and  after  25  to  50  samples  were 
ground  in  no  case  amounted  to  over  1  gram,  the  abrasion  being  in  all 
cases  approximately  proportional  to  the  weight  of  samples  ground. 

COMPARISON    OK    KKSULTS   OF   AIK    1)KYL\(;     IN     THE     SPECIAL   OVEN    AND 

BY  EXI'OSIIKF. 

The  samples  as  received  at  the  laboratory  were  dried  to  approxi- 
mately an  air  dry  condition,  before  their  final  pulverization,  in  an 
oven  especially  designed  for  this  purpose.  To  find  out  how  ncuirly  this 
method  of  drying  approximates  air  drying  under  ordinary  conditions, 
the  following  tests  were  made: 

The  loss  in  weight  of  samples  of  diti'erent  coals  allowed  to  air  dry 
under  observed  conditions  of  temperature  and  humidity  was  deter- 
mined by  allowing  portions  of  the  coarse  samples  spread  on  trays  to 
remain  exposed  to  tlie  air  of  the  laboratory  for  peiiods  of  time  rang- 
ing from  seven  to  twenty  days.     Tiie  samples  were  weighed  from  time 
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to  time  and  the  drying  continued  until  the  weight  remained  almost 
constant.  The  air-drying  loss  of  these  samples  and  the  loss  in  weight 
of  the  corresponding  regular  samples  dried  in  the  dryer,  with  the 
amount  of  moisture  remaining  in  the  dr}^er  samples,  are  tabulated 
below.  In  most  of  the  samples  the  dryer  loss  is  not  widely  different 
from  the  loss  on  the  air-dry  sample.  Special  exceptions  are  Nos.  1960 
(Indiana  No.  9  B)  and  1390  (W3'oming  No.  6),  on  which  samples  the 
dryer-sample  loss  is  decidedly  larger  than  that  on  the  samples  dried 
by  exposure  to  the  air  of  the  laboratory.  The  samples  dried  during 
the  summer  months  were  exposed  to  air  of  a  high  average  humidity 
(60  per  cent),  as  the  temperature  and  humidity  of  the  laboratory  were 
approximately  that  of  the  outdoor  air  for  that  period.  The  samples 
dried  during  the  winter  months  were  exposed  to  air  of  low  average 
humidity  (30  per  cent),  ens  the  temperature  of  the  laboratory  was 
decidedly  higher  than  that  of  the  outdoor  air,  with  approximately  the 
same  absolute  amount  of  moisture  present  in  the  laboratory  and  in  the 
outdoor  air.  The  humidity  of  the  warmer  laboratory  air  is  conse- 
quently low.  The  percentage  of  moisture  remaining  in  the  samples 
dried  by  exposure  to  the  air  of  the  laboratory  was  determined  by 
adding  or  subtracting  (according  to  whether  it  was  plus  or  minus)  the 
difference  between  the  loss  in  the  dryer  and  the  loss  in  the  exposed 
sample  to  the  moisture  remaining  in  the  '*  dryer  sample,''  as  given  in 
the  table  below: 

Results  of  tests  for  imnsture  in  samples  of  coal. 


.Sample  of  coal. 

1 
1 

i 

1  As  re- 

'  ceived 

Moisture  in  sa 

lx)ss  on  coarse 

sample,  as 

dried— 

mple. 

Allerd 
By  ex- 

ryiiig— 

1 

Time  of 
drying , 
by  ex   1 
posure 

Air  of 
to 

Tem- 
pera 
ture 

labora- 

Labora- 
tory 
num- 

Field number. 

Humid- 
ity. 

! 

ber. 

By  ex- 

In 

posure 

In 

posure. 

dryer. 

(calcu 

dryer. 

laled). 

yvr  ct 

1 
P>r  ct.  1 

Ptr  ct. 

l\r  rt. 

l\f  ct. 

Uaus. 

'^  C. 

Pi.  ct. 

32^4 

New  Mexico  No.  5 

2.  72 

1.60 

1  40 

1.14 

1.34 

17 

25 

63 

3255 

Alabama  No.  3  . .   

i  72 

■   0.3U 

1  -20 

2  44 

1.54 

13 

2.5 

«>4 

;i308 

New  Mexico  No.  3 

2  75 

2.  78 

1  40 
0.  40  1 

1.40 
1.40 

1.37 
2  40 

: .  ;i7 
1.40 

19 
11 

25 
24 

63 

3331 

New  Mexico  No.  4  A   

62 

3406 

Indian  Terrilory  No.  2  B  . . 

2.  81 

0  «iO  1 

1.40 

2.  23 

1.43 

16 

26 

64 

2626 

West  VlrKinin  No.  20 

2  .S9 

1.9.S 

1.90 

0. 93 

1  01 

16 

21 

26 

3315 

New  Mexico  No  4R    

:{  :w 

1  (A) 

1.70 

1.81 

1.71 

18 

25 

62 

3295 

New  Mexico  No  3  A 

3.  45 

1.50  1 

2.00 

1.9H 

1.48 

17 

25 

63 

2332 

We«<t  Virginia  No.  17 

3.  46 

2.07  1 

2.  .50 

1.43 

1.00 

11 

21 

47 

2572 

West  Virginia  No.  21 

Virginia  No.  i 

3.  57 

2. 24 

2. 10 

1.36 

I.'K) 

12 

19 

28 

2420 

4.06 

2. 59 

2  40 

1.51 

1.70 

■♦  1 

25 

27 

3307 

New  Mexico  No.  3  B 

4.36 

2.20  1 

3.00 

2. 20 

1.40 

19  ! 

25 

ti3 

2528 

Kentucky  No.  5 

4.36 

1.77 

2.80 

2.  63 

l.(.K) 

10 

24 

31 

2264 

West  Virginia  No.  16  B... 

5. 57 

3.89  j 

4.40 

1.73 

1 .  22 

11 

18 

57 

328C 

Utah  No.  1 

5  8;^ 

'l.m 

2.10 

3.61 

3.81 

17 

25 

6a 

•3405 

Indian  Territory  N«»  2  B  . 

6.  27 

4.20 

4.90 

2.14 

1.41 

16 

26 

64 

1761 

Illinois  No.  15 

9.95 

3.62  . 

4  20 

6.  58 

f).  (,H> 

IS 

•>■? 

t\4 

1876 

Indiana  No  6 

10.  47 

6  02 

6  30 

4.  73 

4.  45 

14 

27 

64 

3225 

Wyoming  No.  5 

UUnoisNo.  22B 

11    14 

4.10  ' 

3.70 

7.  64 

8.01 

21 

25 

53 

2896 

i:{.03 

t>.  74 

11.20 

3.  52 

2.  (Hi 

8 

23 

35 

1960 

Indiana  No.  9  B 

l;{.  .->3 

7.13 

10.70 

6.74 

3.17 

IS 

27 

r.7 

2686 

Washington  No.  1  B 

Illinois  No.  20 

14.:!(i 

S.  12 

9.iH) 

6.  i>S 

5.2U 

9 

22 

2.'^ 

•2731 

14. 6H 

11.80 

12.  40 

3. -20 

2.  M 

'^   1 

•23 

31 

2803 

Illinois  No.  23  B 

15.68 
19.00 

13.98 
7.50 

13.20 
11.30 

2.  as 
12.48 

2.  86 

8.  as 

10 

16 

24 
27 

31 

8390 

Wyoming  No.  6 

W 
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10  EXPERIMENTAL    VTOKK    IN    FUEL    TESTING. 

These  values  show  tliat  on  most  of  the  coals  tested  drying  in  the 
drier  brought  the  sample  to  approximately  an  air-dry  condition.  No 
effort  had  been  made  to  do  more  than  this,  as  the  primary  object  in 
the  air  drying  is  to  get  the  sample  into  such  a  condition  that  the  tine 
sample  will  not  be  subject  to  large  moisture  changes  during  subsequent 
handling  in  the  laboratory.  The  air  drying,  therefore,  is  not  to  be 
understood  as  being  a  rigidly  fixed  determination;  but  it  has  been 
found  that  the  values  obtained  as  a  rule  are  within  a  sufficiently  defi- 
nite range  to  give  this  determination  some  importance  as  showing  the 
effect  of  standing  and  exposure  on  the  percentage  of  moisture  in  the 
coal.  This  matter  is  of  considemble  commercial  importance,  since,  so 
far  as  the  moisture  content  is  concerned,  coals  having  a  large  air- 
dr3^ing  loss  are  obviously  nmch  more  affected  than  coals  having  a 
small  air-drying  loss.  It  further  has  appeared  that  the  amount  of 
residual  moisture  in  the  air-dried  sample  prepared  under  the  described 
conditions  usually  lies  within  a  range  which  is  somewhat  characteristic 
of  different  kinds  of  coal. 

The  foregoing  table  shows  this  residual  moisture  to  be  about  1  per 
cent  in  the  West  Virginia  coals,  3  to  6  per  cent  in  the  Illinois  and 
Indiana  coals,  and  from  10  to  12  per  cent  in  the  Wyoming  samples. 

(?0MPAKI80N     OF     RESULTS     FOR     MOISTURE     OBTAINED     FROM     SAMPLES 
PULVERIZED   BY   VARIOUS   METHODS. 

The  possibility  of  moisture  loss  during  grinding  on  a  bucking  board 
has  already  been  referred  to.  In  order  to  obtain  more  data  upon 
different  coals  and  under  observed  conditions  of  temperature  and 
humidity,  duplicate  portions  of  a  number  of  samples  were  ground 
down  upon  the  bucking  board  and  the  moisture  determinations  made 
upon  these  portions.  At  the  same  time  portions  of  the  coal  which 
had  only  passed  the  1  10-inch  mesh  sieve  in  the  process  of  sampling 
were  reserved  as  samples  for  determining  moisture  in  the  coal  at  this 
size.  The  moisture  was  determined  in  these  samples  ])y  drying  5 
grams  for  one  hour  in  the  air  bath,  instead  of  1  gram  tus  in  the  regular 
determination.  The  moisture  results  on  these  samples  and  the  results 
upon  the  regular  samples  ground  down  in  the  ball  mill,  together  with 
the  temperature  and  humidity  conditions  of  the  laboratory  at  the  time 
of  sampling,  are  given  in  the  following  table: 
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Sample  of  coal. 


Labora- 
tory   I 
num- 
ber. 


Field  number. 


3255 
2689 
2688 
2722 
2744 
2690 
1835 
1680 
1699 
1702 
1780 
1635 
1639 
1638 
IW8 
1653 
1651 
1717 
1802 
1786 
1740 
1761 
1820 
1926 
3417 
3448 
S451 
2731 
.2852 
2905 
2896 
2803 
2819 
IWl 
1844 
1859 
1875 
1881 
2037 
1960 
1979 
2087 
2759 
^05 
3406 
28^13 
252H 
2592 
2274 
28<)5 
2901 
2937 
2942 
3295 
3307 
3:«)8 
3315 
3:«1 
3294 
2071 
2109 
2144 
•20S3 
2062 
'2310 
2311 
2115 
2068 
2152 
3102 
3127 
31-28 
2734 
'2717 
3199 
•2420 


Alabama  No.  3 

Arkansas  No.  IB 

Arkansas  No.  7  A,  7  B  . . . 

Arkansas  No.  7  B 

Arkansas  No.  8 

Arkansas  No.  0 

Brazil 

California  No.  1 

do 

Illinois  No.  6  B 

Illinois  No.  7  1) 

Illinois  No.  9  A 

Illinois  No.  9  B 

do 

Illinois  N(».  10 

Illinois  No.  11  A 

do 

Illinois  No.  11  C 

Illinois  No.  11  I) 

Illinois  No.  13 

Illinois  No,  14 

Illinois  No,  15 

Illinois  No.  16 

Illinois  No.  19  A 

Illinois  No.  19  0 

Illinois  No.  19  I) 

do 

Illinois  No.  20 

Illinois  No.  21 

Illinois  No.  '22  A 

Illinois  No.  *2i  B 

Illinois  No.  23 

IllinoisNo.  23  A 

Indiana  No.  3 

Indiana  No.  4 

Indiana  No.  5 

Indiana  No.  6 

Indiana  No.  7  A 

Indiana  No.  8 

Indiana  No.  9B 

Indiana  No.  10 

Indiana  No.  11 

Indiana  No.  12 

Indian  Territory  No.  2  B. 

do 

Kansas  No.  6 

Kentucky  No.  5 

Kentucky  No.  6 

Marylancl  No.  1 

Missouri  No.  5 

Missouri  No.  6 

Missouri  No.  7 

do • 

New  Me-xico  No.  3 

New  Mexico  No.  3  B 

do 

New  Mexico  No.  4 

New  Mexico  No.  4  A 

New  Mexico  No.  5  ...... 

OhioNo.l 

Ohio  No.  2 

Ohio  No.  3 

Ohio  No.  4 

Ohio  Nil.  5 

OhioNo.9A 

Ohio  No.  9  B 

Pennsylvuniu  No.  5  ,\ 

Pennsylvania  No.  5  B 

Pennsylvania  No.  8 

Tennessee  No. 6 

Tennessee  No.  HA 

Tennes.»<ee  No.  H  B 

Texas  No.  3 

Texas  No.  4 

Utah  No.  1  

ViixinkiNo.i  A 


Moisture  in  sample  from—       Air  of  laboratory. 
\1,'l"!;*^    Temper-    Humid- 


^.IS^^r^  »«""'■ 


Per  cent. 
1.43 
0.89 
0. 62 
0.94 
0.  75 
1.'22 
5.  40 


6.H2 
4.92 


10.58 


2.97 

6.06 

4. -22  , 

5.24 

6.10 

4.74 

6. 16 

5.  13 

3. 9M 

4.  S3 

2.89 

4.42 

4.45 

•2.14 

'2.47 

2.05  ' 
5.19  I 
4.01 
5.62 
5.76  I 
5.60 
3.99 
3.30 
2.98 
7.92 

3.45 ; 

1.70  . 

1.65  1 

1.71  I 

1.66  1 

2.  Ci6 
1.12 
1.59 
1.63 
5.25 
2.54  ! 
1.03 
1.43  , 
1.33 
1.56 
1.54 
1.36 

3.  10 
5.60 
5.43 
2. 5<-. 

'2!5r>  ! 

2.78 
l.h2 
1.57 
0.77 
1.'27 
l.dl 
II.  92 

9. 06 
s.  »;;j 

2.  23 
I .  (A) 


'rr  ('(lit. 

1.51 

0.  S5 
0.60 
1.05 
0.83 
1.11 
4.95 
9.05 
.S.89 
4.17 
7.^'0 
4.99 
4.03 

12. 34 
•2.79 
'-'.98 
3.11 
2. 42 
6.36 
3.89 
5.19 
6.  CO 
4.61 
6.39 
6.01 
3.87 
5.  -27 
2.60 
5.74 
6.39 
•2.06 
2.86 
2.23 
5. 12 
3.58 
5.21 
5.91 
5. 50 
5.19 
3.17 
'2.85 
H.  49 

4.  45 
1.44 
1.43 
2. 09 
1.60 
2.99 
0.94 
1.71 
2. 49 
7.41 
'2.48 

1 .  18 
l.-K^ 
1.37 
1.71 
1.40 
1.3t 
•2.96 

5.  (.0 
6.24 
•2.16 
1.99 
2.47 

2.  f>5 
1.77 
1.47 
0. 61 
1.02 
1.05 
1.14 
9.  .*>< 
9.76 
2.34 
1.70 


mesh 
sieve. 


r  vent. 
1.43 
0.69 
0.50 
0.87 
0.81- 
1.03 
4.J-0 

<«  7. 2K 
7.42 
4. '22 
7.48 
5.36 
3.73 
12.  a5 
'2.94 
2. 59 
2.82 
2.39 
6.01 
3.68 
5. '29 
5.84 
4.46 
6.20 
5.57 
3.95 
4.96 
2.57 
5.61 
6.39 
l.8r. 

2.  a') 

1.93 
4.93 

3.  42 
5.60 
5.71 
5.46 
5. 16 
3.01 
2. 62 
8. 52 
4.29 
1.34 
1.38 
1.8:i 
1.31 
2.80 
0.99 
1.55 
2.62 
7.45 
2. -28 
1.34 
1.38 

1.3;^ 
l.&l 

1.14 
1.'24 
2. 6;') 
5. 57 
6. 15 
1.94 
1.84 
2. 56 
2.37 
1.77 
1 .  3s 
0.87 
1.('2 

0.  9.S 

1 .  02 
.K.  4s 
S.  67 

2.  32 

l.<')0 


Per 

cmt. 

29 

66 

23 

30 

23 

30 

•23 

30 

•2S 

37 

23 

30 

30 

67 

•29 

m 

•22 

61 

\'> 

24 

70 

•20 

59 

'25 

39 

21 

60 

•28 

37 

24 

,xt 

24 

rct 

27 

64 

26 

64 

2.5  1 

6:^ 

35 

53 

25  1 

77 

28 

72 

31 

*>() 

33  : 

19 

33  t 

49 

33 

49 

'25 

39 

23 

30 

24 

•20 

24 

20 

24 

31 

22  1 

2H 

29  1 

60 

28 

72 

21 

68 

21 

60 

27 

71 

23 

69 

28 

72 

31 

63 

■22  1 

75 

19 

35 

31  1 

63 

31  i 

63 

24  \ 

•2:. 

•-3 

37 

•22  ' 

'28 

24 

70 

24  1 

•25 

21 

31 

21 

:w 

20 

37 

30 

n/ 

28. 

65 

'2.') 

65 

•28 

43 

31 

47 

30 

67 

21 

75 

'^7 

70 

18 

73 

24 

H.'. 

IS 

73 

19 

66 

19 

6(i 

24 

7r, 

21 

75 

31 

.53 

•24 

31 

29 

:ix 

25 

33 

23 

24 

21 

26 

21 

31 

21 

25 

a  Hcat»Ml  two  liotir^.  moiHtiirt-       7.S«;;  liratr«l  tlirc-e  hotir>,  iiuji^^turt- 
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EXPERIMENTAL  WORK    IN    FUEL    TESTING. 


HemdUfor  iiifminre  from  r<jid  tt(i tuples  rai^Umsly  pulverized — Continued. 


Labora- 
tory   I 

ber.    I 


Sample  of  coal. 


Field  number. 


Moisture  in  sample  from —  .  I  Air  of  laboratorj . 


Kui'king 
l)Oard. 


Ball  mill. 


^'J^h'     Temper-    Humid- 
sieve.        **^^ 


ity. 


lOO    [ 


2368 
2687 
2686 
22.V) 
2028 
2004 
2332 
2527 
2r>J9 
2572 
2131 
3213 
3390 


VirKinia  No.  4 

\Va.shington  No.  1  A . . . 
VVa-shington  No.  IB... 
WcMt  Virginia  No.  4  H. 
West  Virgin  JH  No.  13  . . 
West  Virginui  No.  14  . . 
West  Virginia  No.  17  .. 
WestVirginiaNo.  18  .. 
West  Virginia  No.  19  .. 
West  Virginia  No.  21  . . 

Wyoming  No.  2  B 

Wyoming  No.  5 

Wyoming  No.  6 


I'lr  ctitt. 
i  2.3.5 

5. 3M 
4.55 
1.46 
1.10 
2.00 
1.15 
1.29 
0.65 
1.43 
4.57 
5.61 
8.90 


Ptrcent.  \ 
2.40  I 
5.98 
5.20  I 
1.35 
1.17 
2.05  , 
1.00  I 
1.28  I 
0.68  I 
1.50  , 
4.65  I 
6.00  I 
8,68  i 


I'tr  cent. 
2.28  I 
5.a5  I 
4.65 
1.19 
1.15 
2.05 
1.00  t 
1.13 
0.65 
1.44 
4.48 
6.04 
8.24 


28  I 
20 
20  I 
23  I 
23  I 
34  ' 
20  I 
•23  ' 
22 
20 
•23 

31  . 

32  1 


per  cent. 
26 
24 
24 
69 
69 
50 
I  59 
37 
22 
24 
85 
46 
55 


The  results  for  moisture  obtained  on  the  5-gram  portion  of  the 
eoarse  sample,  as  a  rule,  run  from  0.1  to  0.2  per  cent  lower  than  the 
moisture  value  as  determined  upon  the  sample  ground  in  the  ball  mill. 
In  a  few  cases  the  moisture  result  on  the  coarse  sample  is  somewhat 
higher  than  the  result  on  the  ball-mill  sample,  while  in  a  few  other 
aises,  noticeably  the  lignite  samples  from  California  and  Texas,  the 
moisture  result  on  the  coarse  sample  is  decidedly  lower.  This  result, 
as  shown  by  test^  on  sample  1680,  California  No.  1,  may  be  ascribed 
to  the  fact  that  the  moisture  in  a  coarse  sample  of  lignite  is  vei*y 
incompleteh^  expelled  by  one  hour's  heating.  An  additional  two  hours- 
of  heating  upon  this  sample  resulted  in  an  increased  moisture  value 
of  over  0.7  per  cent.  As  a  method  applied  to  any  and  all  coals,  the 
determination  of  the  moisture  in  the  fine  sample  appears  to  be  prefer- 
able to  the  determination  in  the  coarse  sample.  The  results  obtained 
for  moisture  upon  the  samples  ground  down  on  the  bucking  board,  as 
compared  with  the  results  obtained  on  the  samples  ground  down  in 
the  ball  mill,  show  that  the  bucking-board  samples  may  either  gain  or 
lose  moisture,  dei)eiiding  on  the  thoroughness  of  the  preliminary  dry- 
ing of  the  coarse  samples  and  the  humidity  of  the  air  in  the  laboratory 
at  the  time  of  sampling.  For  Illinois  coals  previously'  dried  down  to 
a  moisture  content  of  about  5  or  ()  per  cent,  the  bucking-board  sample 
took  up  moisture  during  grinding  when  the  humidity  was  high  (70 
per  cent  or  more).  On  the  other  hand,  with  low  humidit}'  (20  to  30 
per  cent),  the  moisture  loss  during  grinding  was  considerable,  and  a 
careful  study  of  the  results  o))tained  upon  the  bucking-board  sample, 
as  compared  with  the  results  on  the  ball-mill  sample,  taken  in  connec- 
tion WMth  the  humidity  changes,  shows  that  any  success  in  attempting 
to  work  the  sample  down  on  the  bucking  board  without  danger  of 
moisture  changes  is  pmctically  impos!si])le  of  realization,  and  that  the 
sample  ground  down  on  the  bucking  board  ciui  not  be  in  any  case 
regarded  as  entirely  satisfactory  on  account  of  the  danger  of  moisture 
changes  during  the  sampling.     The  experiments  reported  under  the 
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following  heading,  showing  the  rapid  changes  in  moisture  in  coal 
samples  when  spread  on  the  watch  glass,  indicate  that  there  is  proba- 
bly a  slight  gain  or  loss  of  moisture  in  the  ball-mill  sample  even  dur- 
ing the  short  time  that  this  sample  is  exposed  to  air  during  sampling, 
and  that  this  change  may  be  considerable  if  the  coarse  sample  be  very 
far  from  an  air-dried  condition  before  being  ground  down.  The 
grinding  down  of  samples  in  the  ball  mill  can  not,  therefore,  be  con- 
sidered as  perfectly  satisfactory  in  so  far  as  moisture  changes  are 
concerned;  but  this  method  of  grinding,  in  connection  with  the  pre- 
liminary drying  of  the  coarse  sample,  is  much  more  satisfactory  and 
reliable  than  any  other  practical  method  that  has  been  devised  of 
which  the  writer  has  any  knowledge.  Therefore  it  appears  that  the 
handling  of  samples  in  this  manner,  as  compared  with  the  practice  in 
most  general  use,  is  an  important  step  in  the  direction  of  securing  a 
sample  for  analysis  with  a  minimum  amount  of  unaccounted-for  changes 
in  moisture. 


CHANGES   IN   MOISTURE    CONTENT    OF    FINE    SAMPLES    OF    COAL    UNDER 
MODIFIED   CONDITIONS. 

That  coal  in  a  fine  condition  changes  rapidly  in  moisture  content  is 
well  known.  In  order  to  obtain  definite  information  as  to  the  rate  of 
this  change  a  number  of  tests  w  ere  made  on  coals  under  different  con- 
ditions. The  first  selection  for  testing  was  a  fine  sample  (No.  1638  C)  of 
undried  Illinois  coal,  containing  12.4  per  cent  moisture.  One  gram 
of  this  sample  was  spread  out  on  a  4-inch  watch  glass  and  weighed  at 
intervals,  a  record  of  the  temperature  and  humidity  being  taken 
at  the  time  of  the  different  weighings.  A  second  series  of  tests  was 
also  made  on  a  10-gram  portion  of  this  sample  spread  upon  a  4-inch 
watch  glass.  A  third  series  of  tests  was  made  upon  another  portion 
of  this  sample  (17.2  grams)  by  allowing  it- to  stand  in  an  open,  w^ide- 
mouthed  2-ounce  bottle  and  weighing  at  intervals.  The  results  for 
these  three  series  of  tests  are  as  follows: 

('hangei^  in  mointure  coiitetU  of  sample  {No.  1638  0)  of  undried  Illinois  coal. 
FIRST  SERIES— I  GRAM  ON    I  INCH  WATCH  GLASS. 


Time  intenal  betwet'ii  weijfhinKf. 


5  minutes.. 
5  minuter . . 
16  minutes . 

1}  houra 

24  hours 

24  hours 

26  hours 

42  hours 

104  hours... 

16  days 

48dav9 


Total  loss  in  72  days  . 


Air  of  laboratory. 

LosaorKain  in 

—  ^  ._. — _ 

weight. 

Tempera-     Humid- 

ture.             Ity. 

Gratns. 

Per  rail.  , 

°  (\ 

Per  cent. 

-0. 0202 

-  2.02  1 

22 

21 

-  .007-) 

-     .7.5 

-  .0090 

-    .90 

-  .0110 

-    1.10 

25                  .^ 

-  .03.30 

-  3..-)0  1 

24                  \^(^ 

-  .0120 

■  1.20 

28                  3<J 

+  .0140 

-f-  1.40 

25                  63 

+  .0060 

+     .60 

18                  &4 

-  .0127 

-  1.27 

27  '                36 

+  .0007 

-f     .07 

32                  41 

-  .0175 

-  1.75 

32  1               56 

10.42  i 

.1     
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Clumtjex  In  )/iois(inr  >'(nttfnt  of  trample  [No.  JCiS  f^)  of  undrled  Jlli)ioift  roai^-Contiuued. 
sE(X)Nn  sKiuKs— 10  (;ra.ms  on  4-ixch  watch  glas.*. 


Tiinr  inl«TV}iI  lM't\v»HMi  \v<M>fhiiiif?'. 


j     Air  of  laboraton'. 

1.0S.S  orK»i'>  i"  i — 

weight.  Tempera-     Humid- 

ture.       '      ity. 


5  minutes . . 
5  minutes . . 
15rainute.<* . 

U  hours 

21  hours 

24  hours 

25  houns 

12  hourN 

104  hours... 

ISduvs 

48  days 


(iratm!. 

Pt  r  cetif. 

O    f' 

P'T  CtTlt. 

0.0280 

-0.28 

•i:> 

50 

.o;iK) 

38 

.  0605 

.61    .... 

.1965 

1.9<3 

25 

43 

-  .2535 

2.54 

24 

36 

-  .2140 

2.14 

28 

.Ho 

+  .a^75 

!-  .58  ■ 

25 

63 

L  .0130 

!    .13 

18 

W 

.a51H 

-    .  52 

35 

.  0622  i 

.62  1 

:V2 

41 

-   .07'2.=) 

—  .  72 

32 

55 

Total  loss  iu  72  days 


THIKI)  SKKIKS— 17 


10  minutes 

14  hours 

34  hours 

21  hours 

Stirred  and  reweighecl. 
24  hours 

Stirred  with  Hptwin 

26  hours 

Stirred  with  spoon 

42  hours . 

Stirred  with  sfxHin 

4  days 

Stirred  with  .si>f)on 

15  days 

Stirred  with  sjMmn 

48davs 


iU AMS  IN  OPKN.  WIDE-MOrTHKI)  2-Or  NCK  BOTTLE. 


-  «k.0025 

-  0.014 

.0115 

.067 

.0260 

.15 

-  .08CK) 

.47 

.0020 

-   .01 

-   .085.5 

..^» 

-   .0(r20 

.01 

.  0H85 

..51 

.  0015 

-  .01 

-    .0625 

.36 

-    .0010 

.00.5 

-  .1190 

-    .70 

.0005 

-   .003 

-   .3625 

"2.11 

.0000 

-    .000 

-    .0200 

-   .116 

Total  loss  in  72  days 


•22 

61 

1 

24 

;?6 

2n 

30 

25 

63 

18 

(>4 

-■ 

35 

32 

41 

32 

.55 

1 

A  second  sample  (No.  i^58S  E)  of  undried  Illinois  coal  contained  11.89 
per  cent  moisture,  and  ))eing  a  duplicate  of  No.  1G88C,  except  that  it 
was  perhaps  more  finely  pulverized,  was  also  tested  in  a  simihir  way, 
b}"  spreading  1  gram  on  a  3-inch  watch  glass  and  10  grams  on  a  3-inch 
watcli  glass,  and  hy  phicing  14.5  grams  in  an  open,  wide-mouthed 
2-ounce  bottle.  The  changes  occurring  in  these  three  .samples  are 
given  in  the  following  table: 

(1i(nifj('s  ill  innistiin'  nniieiit  of  nam  pie  ( .Vo.  lUiS  K)  of  undr'nd  lUinont  c(Hd. 
FIRST  SERIE.<— 1  ORAM  <  >X  3-IN(H  WATCH  (JLA.^S. 


Timt 

interval  l>»t\\« 

«'H  ^^oiglling^. 

L<Kss  or  gain  in 
Aveight. 

(rrnma.       Per  cent. 
~  0.0215         -2.15 
-   .0160  1       -1.60 

-  .0110         -1.10 

-  .0290          -2.90 

-  .0055         -0..')5 

-  .00t«         -0.63 
f  .0143          +1.43 
+  .0060         +  .60 

-  .0142         -1.42 
(-  .0025         -+-  .25 

-  .0173          -1.73 

Air  of  lab 

Tempera- 
ture. 

0  (\ 

25 

26" 

24 
28 
25 
18 
27 
32 
32 

omtory. 

Humid- 
ity. 

5  minutes . 

Per  cnit. 
.50 

5  minutes .                         

20  minutes 

I5  hours 

43 

20i  hours 

36 

24i  hours                                               

:K 

25  hours 

63 

42  hours 

64 

104  hours 

35 

15  da  vs                      .        

41 

48  davs - - 

.55 

loss  i 

n  72  davs 

Total 

9.  .SO 



1 
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Chanfjei*  in  moisture  rovfenf  of  sample  (No.  16S8 E)  of  undried  Illinois  coal — Continued. 
SECOND  SERIE8— 10  GRAMS  ON  3-INCH  WATCH  GLASS. 


Air  of  lulxiratory. 


Time  int«^rval  between  weighings. 


5  minutes.. 
5  minute.^; . . 
l5minute.H. 

1^  houn 

2U  hours... 
24i  hours. . . 

25  hours 

42  hours 

104  hours... 

15  dnv.s 

48  days 


Total  Ifiss  in  72  da\  s 


Los.sorgain  in 

1             weight.             i 

Tempera- 

Humid- 

1 

ture 

ity. 

Grams. 

Prr  ant. 

'^  ('. 

Per  cent. 

-O.OblS 

0.52 

25 

50 

-  .0270 

-2.1M 

-    .0530 

-  .2180 

25 

Vi 

-    .'2000 

-2.00 

24 

36 

-  .1937 

-1.94 

28 

3<i 

-  .0692 

+  .69 

25 

63 

'    .0095 

H  .095  , 

18 

64 

-   .0550 

-   .5.5 

27 

35 

-   .a590 

-   .59 

32 

41 

-   .0870 

-  .87     ; 

32 

65 

8.67     ! 

THIRD  SKRIKS— ll.r,  (JRAMS  IN  OPEN,  WIDE-MOUTHED  2-OrN(^E  BOTTLE. 


10  minutes 

U  hours 

si  hours 

21  hours 

Stirred  with  s|M)on. 
24  hours 

Stirred  with  sjMion. 
26  hours 

Stirre<l  with  spoon. 
42  hours 

Stirred  with  spoon . 
104  hours  

Stirred  with  sf»oon. 
15  days 

Stirred  with  .spoon. 
48  days 


-0.003 

-  .0135 

-  .0310 

-  .0890 

-  .0020 
"  .0995 

-  .0025 

-  .08.50 

-  .0015 

-  .0625 

-  .0010 

-  .0875 
.0015 

-  .2538 

-  .0010 

-  .0500 


Total  I0S.S  in  72  days 


0.02 

.09    ... 

22 

61 

.2:j   ... 

.60 

.01    .... 

21' '" 

3(; 

.68 

.02    

28 

36 

.56 

.01     . . . . 

•2.5 

63 

.42 
.01     ... 

IX 

64 

.60 

.01     

27 

35 

1.71 

.01    ... 

...j 

41 

.;i5 

32  1 

.55 

5.33  1  ... 

. 

Other  experiments  were  likewise  perfonned  on  a  .similar  sample 
(No.  16390)  of  Illinois  coal,  which  contained  4.12  per  cent  moisture, 
although  the  coarse  sample  had  been  well  air-dried  before  the  prepara- 
tion of  the  fine  sample.  The  changes  in  weight  in  the  1-gram  sample 
spread  on  a  watch  glass,  in  the  10-gram  sample  spread  on  a  watch 
glass,  and  in  a  portion  (8.3  grams)  allowed  to  stand  exposed  in  an 
open,  wide-mouthed  2-ounce  bottle  were  as  follows: 

Chauffes  in  moisture  nmtenl  of  sample  {Xo.  W39  C)  of  uell-dried  Illinois  coal. 
FIR.^T  SERIES-1  GRAM  ON  4-INCH  WATCH  GLASS. 


Time  interval  lu'tween  weighings. 


I^ss  or  gain  in 
weight. 


Air  of  laboratory. 


Tempo  ra- 
tiire. 


Humid- 
ity. 


5  minutes . . 
5  minutes . . 
15  minutes , 

2i  hours 

23  hours 

2  days 

4  days 

14  davs 


Total  loss  in  21  davs  . 


(iramn.     I  7Vt  cent.  ' 
-0. 0093 

-  .00*2.5 

-  .0015 
-}-  .0045 
+  .0135 
-I-  .0070 

-  .0170 
h  .006(» 


-0.93 

25 

15 

+ 

45 

+  1 

35 

-f 

70 

-1 

70 

-^ 

40 

0.13 


28  I 


25  I 
18  ! 
27 
32  I 


64 
35 
41 
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ChuiKjen  iu  moiitture  nmtt'Ht  o/sinnjilf  [\o.  ItUOC)  of  mil -dried  I/linois  nml — Continued. 
SKCOND  SKKIKS— 10  (iRAMS  ON  4-INCH  WATCH  (iLAHS. 


Time  interval  betwein  \vei|fhinK>». 


Air  of  laboratory 

Lossorgainin ^^ 

weight.  I  Tempera-     Humid- 

tiire.  itv. 


5  minutes . . 
5  minutes . . 
15  minnte.s . 

1  hour 

23iiours 

2  dayjt 

4  davM 

14  days 


(t'rarms.        Prr  nut. 
-0.0190        -0.19 


.0121) 

-  .017-1 

-  .02X0 
4-  .1235 
+  .0195 

-  .a580 

-  .0280 


.12 


3« 


^^  1.2-1 

\-  .20 

-    .2M 


IH. 
X2 


Total  lt»ss  ill  21  davN 


0.  is 


THIUI)  SKRIK.S-H.3  (;KAM.<  IN  oPKN.  WIDK-MOUTHKD  2-(nNCE  BOTTLK. 


10  minutes +0. 0016 

20  minutes ^  .  0010 

20  minutes -  .  oOOO 

f)\  liours +  .  0080  ; 

2  days -f-  .  0230 

Stirn-d -  .  0000  ! 

4  days ^  .  0240  i 

14  davs -  .  0175  I 

Stirred .(K)00  ! 


4  0.02 

-H  .01     I. 


.29 
.21 

.00 


Total  gain  in  20  days 


:i5 
41 


An  inspection  of  these  result**  shows  that  in  samples  of  fine  coal 
prepared  from  coal  not  previously  air  dried  the  loss  may  be  rapid, 
being  in  a  1-gram  portion  of  undricid  sample  over  2  per  cent  in  live 
minutes  and  over  8  per  cent  in  twenty-four  hours.  That  samples  kept 
in  bottles  may  lose  a  considerable  amount  of  moisture  unless  tightly' 
stoppered  is  also  shown  by  the  results  obtained  from  weighing  the 
samples  in  an  open  bottle,  the  loss  in  twenty-four  hours  being  nearly 
0.7  per  cent  and  in  sevent^^-two  hours  almost  2  per  cent.  This  loss 
continued  until  the  total  loss  in  twenty-four  days  was  about  5  per 
cent.  That  the  danger  from  losses  in  handling  a  tine  sample  which 
has  been  well  a^'r  diieu  is  not  nearly  so  great  is  shown  by  the  tests 
upon  No.  lf)89C.  Upon  the  1-gram  portion  of  this  sample  the  loss  in 
live  minutes  was  0.0*^  per  cent,  but  the  additional  loss  afterwards  was 
small,  showing  that  the  sample  was  not  far  from  air  dr}'  under  the 
existing  conditions.  In  fact,  under  the  conditions  existing  on  the 
next  afternoon  the  sample  as  ground  was  drier  than  air  dr}',  as  is 
shown  by  an  increase  of  over  1  per  cent  in  weight.  That  this  sample 
was  about  air  dry,  under  the  average  conditions  existing,  is  further- 
more shown  by  the  results  obtained  on  the  sample  exposed  in  an  open 
bottle,  where  the  sample  at  diflferent  times  shows  small  losses  and 
small  gains  in  weight.  The  rapidity  with  which  the  1-gram  portion 
of  this  dried  sam])le  gave  up  the  little  moisture  it  possessed  over  and 
above  the  existing  air-dry  conditions  shows  the  extreme  sensitiveness 
of  finely  ground  coal  samples  to  changes  in  the  moisture  content  of 
the  air. 
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As  might  be  expected,  the  mpidity  of  gain  or  loss  is  greatest  iu  the 
1-grani  sample  and  least  in  the  sample  kept  in  an  open  bottle.  A  com- 
parison of  these  losses  after  seventy-two  days  on  the  undried  samples 
shows,  however,  that  even  in  that  time  the  loss  on  the  l-gram  sample 
is  decidedly  in  excess  of  that  on  the  10-gram  sample,  and  about  twice 
that  on  the  sample  in  the  open  bottle.  This  result  would  lead  to  the 
inference  that  the  change  in  weight  is  not  due  entirely  to  moisture 
losses,  but  is  influenced  more  or  less  by  oxidation  changes.  That  such 
is  the  cajse  is  shown  by  the  results  of  tests  of  the  gain  or  loss  in  weight, 
from  time  to  time,  of  fine  samples  kept  in  tightly  stoppered  bottles, 
moisture  determinations  being  made  at  the  same  time  to  find  out 
whether  the  amount  of  moisture  present  in  the  sample  varies  with 
the  change  in  weight.  These  tests  are  described  under  ** Alteration 
of  weight  of  samples  of  coal  when  kept  in  a  finely  powdered  state," 
pages  1^-22. 

COMPARISON    OF    EFFECTS    OF     DIFFERENT    DRYING    REAGENTS    USED    IN 
THE    DESICCATORS   EMPLOYED    IN   MOISTURE    DETERMINATIONS. 

In  the  determinations  of  moisture  made  during  the  Louisiana  Pur- 
chase Exposition  and  during  the  earlier  part  of  1905  duplicate  results 
often  were  not  as  close  as  was  desirable.  This  lack  of  agreement  was" 
found  to  be  due,  in  part  at  least,  to  the  use  of  calcium  chloride  as  a 
drying  reagent  in  the  desiccators  in  which  the  fine  samples  of  coal 
were  allowed  to  cool  after  drying  at  105^  C,  as  may  be  seen  from 
inspection  of  the  following  table  giving  the  values  obtained  over  con- 
centrated sulphuric  acid,  fused  calcium  chloride,  and  granular  calcium 
chloride. 

Certain  values  from  samples  allowed  to  stand  overnight,  which  are 
marked  with  a  star  (*),  were  on  different  gram  portions  of  the  sample. 
The  values  given  for  the  other  determinations,  weighed  as  soon  as 
cooled  and  weighed  after  standing  in  the  desiccator  overnight,  are  on 
the  same  weighed-out  portions  of  the  sample,  which,  as  soon  as  weighed 
the  first  time,  were  put  back  in  the  desiccator  and  allowed  to  stand 
until  the  next  day  and  then  again  weighed.  The  values  over  sulphuric 
acid  are,  as  a  rule,  about  one-tenth  of  1  per  cent  lower  on  the  sample 
after  standing  overnight,  but  this  result  can  probably  be  accounted 
for  by  the  small  amount  of  moisture  which  might  be  taken  up  by  the 
sample  during  the  time  re<|uired  for  making  the  first  weighing. 
6128— Bull.  323—07 3 
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EXPERIMENTAL  WORK    IN    FCJEL    TESTING. 


Moisture  deter raiiuUion»  obtained  ht/  the  usf  of  different  dryimj  reagents. 


Sample  of  coal. 

Concentrated 
H2SO4. 

CaCU. 

1  /» 

fuse<l. 

CaCl..,,  granular. 

Labora- 
tory   ■                  ^,^.,^,  tnimh.«r. 
num-  , 
ber. 

l.a 

•.-> 

1  -              <i  1. 

1660 

Illinois  No  11  B 

3.46 

3.92 
6.34 
2.74 
7.62 
4.74 
1.38 
4.96 
3.56 
1.42 
3.62 
4.99 
3.60 

/        3.42 
1        3.88 

\ 

/       8.38 

1       3.40 

8.86 

f 

1786 

Illinois  No.  13 

IllinoisNo.  IID 

1802 

6.26 

1801 

Illinois  No.  7  I> 

2,74 

1803 

Illinois  No.  13 

7.46 
4.80 
1.18 

.     . 

1804 

do 

1794 
1798 
1812 
1817 
1828 
1835 
1837 
•     1807 

Ahibama 

Illinois  No.  13   

4.80 

do 

8.46 

Indian  Territorv 

1.30 

Indiana  No.  K 

8.46 

Brazil 

Illinois  No.  7  D 

4.92 
3.60 



4.91 

4.58 

3. 55 

3.2s 

Indiiina  No.  4 

4.94 
5.90 
2,76 

4.88 
5.82 
2.70 
5.06 

1808     Illinois  No.  12 ....... 



1836     niintnsNu.  13 

1838 

JllinoiH  No.  IH 

* 

1W2 

Illinois  No.  7  1) 

1.06 

1.02 

1843 

Colorado 

7.96 

7.40 

1845 

Illinois  No.  11  1) .... 

4. 12 
6.90 

3.46 
6.86 

1846 
1844 

Illinois  No.  7  1* 

6.98 
1.24 
3.60 

6.S8 
1.14 

Illinois  No.  11  I> 

1.14 
3,56 

.94 

Indiana  No.  4 

. ; 

1741 

Illinois  No.  18 

8.32 
2.86 
8.88 
12.09 

2.68* 

1.38* 

2.76* 

11.58* 

1743 

Indian  Territory. * 

1745 

do '. 

1753 

Illinois  No.  14 

«  Weighed  a«  soon  as  cooled. 

b  Weighed  after  standing  in  deai(!cator  overnight. 

The  values  obtained  over  both  j^ranuhir  and  fused  calcium  chloride, 
where  the  sample  was  weighed  as  soon  as  cooled,  are  but  little  lower 
than  the  values  obtained  over  sulphuric  acid;  but  the  values  from  the 
samples  over  calcium  chloride  when  allowed  to  stand  overnight  are* 
so  decidedly  lower  as  to  show  beyond  a  doubt  the  superiority  of  con- 
centrated sulphuric  acid  over  calcium  chloride  as  a  desiccating  reagent 
for  coal. 

EFFECTS    OF    VARYING    AMOUNTS    OF    SAMPLE    AND   OF    DIFFERENCES   IN 
DURATION    OF   HEATING    ON    RESULTS   OBTAINED   FOR   MOISTURE.^ 

The  following  results  were  obtained  on  (1)  a  very  finely  ground 
sample  of  Illinois  coal,  and  (2)  a  fine  sample  of  Indiana  coal.  They 
show  the  loss  in  weight  which  occurred  when  the  samples  were  dried 
for  different  times,  in  different  amounts,  and  under  different  condi 
tions.  This  change  in  weight  represents  not  merely  the  loss  of  mois- 
ture, but  includes  any  changes  due  to  oxidation  and  other  causes. 
These  changes  undoubtedly  var}'  with  the  kind  of  coal  and  the  condi 
tion  of  the  sample. 


"The  official  method  for  the  determination  of  moisture  is  to  hcnt  1  gmm  of  the  fine  sample  for  one 
hour  at  105°  C.  in  a  drying  oven. 
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Moisture  detenn'mations  on  Illinois  coal  (percentages). 


DetailHof  ireatment. 


i-gmni 
Kampk'. 


1-gram 
sample. 


Loss  after  15  minutes'  heating  at  100°  to  107° ^.42  6.  G5 

Additional  loss  after  another  15  minutes' heating  at  10u°  to  107° .84  2. 6J 

Total  lo«s  after  30  minutes'  heating 9. 26  i  9. 27 

Additional  loss  after  heating  another  30  minule.s  at  100°  to  107° .  00  i  .16 

Total  loss  after  I  hour's  heating ,  9. 32  |  9. 43 

Gain  in  weight  by  standing  uncovered  41  hours '  3.  tiS  3. 68 

Total  loss  after  heating  another  30  minutes K.  86  i  9.  '20  i 

Gain  in  weight  after  standing  41  hours  and  reheating  as  compared  with  j  | 

the  value  at  the  end  of  1  hour's  heating '  .  46  I  .23 


2-gram 
sample. 

5. 24 
3.70 
8.94 
.43 
9.37 
3.55 
9.27 

.10 


MoiMure  determinations  on  Indiana  coal  [perceiHages) . 
Details  of  treatment. 


i-gram  1-gram 

sample.  '      simple. 


2-gram 
sample. 


4-gram 
sample. 


Loss  after  30  minutes'  heating  at  105° 

Loss  after  heating  another  30  minutes  at  105° 

Tot^il  loss  after  1  hour's  heating 

Gain  in  weight  by  standing  uncovered  20  hours i 

Total  loss  alter  heating  another  hour  at  105° , 

Gain  in  weight  after  20  hours'  standing  and  1  hours 

reheating  compared  with  weight  after  first  hour's  | 

heating 

Gain  in  weight  by  standing  uncovered  120  hours I 

Total  loss  after  heating  another  hour  at  105° 

Gain  in  weight  compared  with  weight  after  the  lirst 

hour's  heating 1 

Gain  in  weight  by  standing  uncovered  24  days 

Total  loss  after  another  hour's  heating  at  105° 

Gain  in  weight  compared  with  weight  after  first  j 

hour's  heating ! 


5. 50 
.04 
5. 54 
3.4  4 
5. 20 


5.  60  to  5.  5S 

.0Ht(»    .04  I 
5.  (^S  to  5. 62  I 
3. 43  to  3.  35 
5. 45  to  5. 37 


5. 62  to  5. 61 
.  07  to  .  02 
5. 69  to  5.  63 
3.41  to3.;i5 
5. 53  to  5.  48 


.34  .'23  to    .-25  I  .16  to    .15  j 

3.06  3. 12  to  2. 95  1  3. 15  to  3. 11 

4.90  5. 14  to  5. 10  I  5. 19  to  6. 17  I 

.64  .54  to    .  52  .  50  to    .  46  I 

3.  70  1    3. 62  t  o  3.  rvs  3. 62  to  3. 51  [ 

4.20  4. 60  to  4.  62  |  4. 72  to  4. 70  ] 

l.(»8tol.00  \  .97  to 


5.49 
.15 
5.64 
3.34 
5.55 


.09 
3.12 
5.21 

.43 
3.45 
4.77 


1.34 


.93  1 


These  results  show  that  practically  all  of  the  moisture  is  expelled 
from  coals  of  these  kinds  during  the  first  thirty  minutes,  and,  further- 
more, that  there  was  an  appreciable  amount  of  oxidation  in  the  sample 
during  standing  or  from  reheating.  For  short  periods  this  oxidation 
value  in  these  experiments  was  apparently  a  surface  reaction,  depend- 
ent on  the  surface  exposure  of  the  sample  and  not  on  the  amount. 
The  samples  were  all  weighed  out  in  porcelain  crucibles  of  the  same 
size,  and  the  amount  of  sample  directly  exposed  was  practically  the 
same  in  all.  In  this  case  the  percentage  effect  of  equal  oxidation  on 
the  Illinois  samples  would  be  in  the  ratio  of  4,  '2,  and  1.  The  gains 
actually  determined  at  the  end  of  41  hours  were  0.46,  0.^3,  and  0.10 
per  cent,  respectively,  which  are  very  close  to  this  ratio. 

On  the  Indiana  sample  the  gains  for  oxidation  at  the  end  of  twenty 
hours  were  0.34,  0.24,  0. 15,  and  0.09  per  cent,  respectiveh.  At  the  end 
of  twenty-four  days  the  percentages  of  gain  on  the  different  amounts 
are  more  nearly  the  same,  but  the  gain  is  still  greatest  on  the  ^-gram 
sample  and  least  on  the  4-gram  sample,  the  gains  on  the  four  amounts 
taken  }>eing  1.34,  1.04,  0.95,  and  0.S7  per  cent,  respectively. 

ALTERATION     OF    WEIGHT    OF    SAMPLES   OF   COAL    WHEN    KEI'T    IN    A 
FINELY    POWDERED   STATE. 

In  order  to  investigate  the  (luestion  of  the  extent  of  alteration  of  the 
sjmiples  when  kept  in  a  finely  powdered  condition  as  prepared  for 
analysis,  ])ortions  of  a  number  of  such  samples  were  put  in  weighed 
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bottles,  which  were  securely  closed  with  rubber  stoppers.  These 
bottles  were  kept  in  the  laboratory  and  weighed  from  time  to  time. 
Moisture  determinations  were  made  on  portions  of  the  sample  at  the 
times  of  the  weighings,  allowance  being  made  for  the  portions  removed 
for  this  purpose.  The  following  table  gives  the  percentage  of  moisture 
originally  present  in  the  sample,  the  percentage  of  gain  or  loss  in 
weight  at  the  seveml  weighings,  and  the  time  interval  between  the 
weighings;  also  the  total  time  covered  by  the  experiment: 

Alteration  of  weight  of  finely  powdered  coal. 
[Minus  sign  denoten  loss.] 


- 

Sample  of  coal. 

Days  be- 
tween 

Change  iu 
weight. 

Uiboru- 

Moisture 
determina- 

tory 
num- 

Field  numlxT. 

weighings. 

tion. 

ber. 

Percent. 

Percent. 

1635 

Illinois  No. 

9  A . . . 



5.10 

4 

0.17 

5.13 

20 

.47 

5.31 

42 

.46 

5.36 

25 

.19 

5.29 

172 

.00 

4.99 

Ill 

nois 

No. 

9B... 

124 

-.33 

4.38 

387 

.96 

-.72 

Ui;W  c 

12.34 

4 

.16 

12.58 

19 

.45 

12. 12 

27 

.22 

12.03 

41 

.'23 

11.79 

..do 

172 

.00 

11.62 

263 

1.06 

-.72 

1638  V^ 

11.89 

4 



17 

11.97 

46 

1.07 

11.80 

41 

.40 

11.64 

-.do 

191 

.00 

11.06 

282 

1.64 

-.83 

1639 

4.08 

23 

.61 

4.08 

42 

.47 

4.38 

34 

.31 

4.53 

'  16:5 

.27 

4.37 

127 

-.12 

4.23 

389 

1.54 

.20 

Ui60 

Illinois 

No. 

11  B.. 

3  25 

15 

.40 

3  26 

27 

.42 

3.47 

50 

.43 

3.89 

183 

.10 

3.60 

In( 

liuna  N( 

.1 

107 

.00 

3.57 

382 

1.35 

.32 

IHl 

3.58 

7 

•)o 

3.79 

34 

.48 

3.90 

18:j 

.53 

3.87 

107 

.14 

3.63 

331 

1.37 

.05 

l.Htw 

W. 

St  V 

FKinia  No. 

13. 

i.o:i 

24 

.24 

1.16 

191 

.15 

1.21 

108 

.07 

1.09 

323 

.46 

.0»i 

Di 
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Labora- 
tory 
num- 
ber. 


Alteration  of  v^eighl  of  finely  pomdered  coal — ('ontinned. 
[Minus  sign  denotes  loss.] 
Sample  of  coal.  ] 

"\    ''t^l^    I  Change '„ 


Fiold  number. 


20r,2     Ohio  No.  o 


2131  I  Wyoming  Xo.  2 


■2243  ,  North  Dakota  No.  3. 


2275  I  Wyoming  No. 2  B. 


'2278     Wyoming  No.  3 


22r»r.  '  North  DakotH  >"(>.  3 


weighings. 


weight. 


I*€rrcnt. 


Moisture 
determina- 
tion. 


Per  cent. 
1.99 


9 

18 
149 
108 

.22 
.'22 
.40 
13 



2.49 
2.43 

284 

.97 

.44 

No  2 

1 

4.65 

2 
3 

24 
7 

43 

n 

107 

.04 
.06 
.18 
.10 
.09 
.00 
.00 
.02 

4.56 
4.46 

247 


43 

'28 

r>5 


.05 
.05 
.13 
.02 
.0() 


-.19 


26  64 


25. 91 
26.64 


I. GO 
6. 37 


135 

.31 

-.22 

.  3 

12. 59 

.09 

7 

.'22 

43 

.68 

28 

.15 

55 

.38 

ii.97 

107 

.'26 

11.81 

•242 

1.78 

.7H 

n  N'o.3 

12.62 

.02 
.  17 
.M 
.15 
.16 


T«-xnsNo.  4 

Mnssaehu.setls  immiI 

134 

.H4 

.  24 

27 IH 

6 

42 
3 

'.'jSi 

.'24 

.o:i 

33.00 
3'2.'87 

51 

.  5(} 

-.13 

2H2K 

1 

13  60 

8 

13 

1                   3 

103 

.07 

.09 

.00 

-.71 

13.'7'2 

13. 16 

1                127 

-.56 

.  U 
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Without  exception  these  .suiiiples  all  iiicreaj<ed  in  weight  ujx)n  stand- 
ing. At  the  same  time  the  moisture  values  usually  decreased.  The 
gain  in  weight  is  to  be  ascribed  to  oxidation,  and  the  decrease  in 
moisture  either  to  actual  loss  or  to  fixation  of  a  portion  of  the  mois- 
ture present  by  the  oxidation  changes.  If  the  moisture  loss  l>e  con- 
sidered as  an  actual  escape  of  moisture  from  the  sample,  the  total  gain 
due  to  oxidation  is  equal  to  the  observed  gain  plus  an  amount  equal  to 
this  moisture  loss.  The  table  below  gives  the  total  oxidation  changes 
considered  on  this  bams,  together  with  the  original  and  final  calorim- 
eter determinations  on  some  of  the  samples,  also  the  loss  in  calorific 
value  in  excess  of  that  due  merely  to  changes  in  weight  of  the  sample. 
For  purposes  of  comparison  the  amounts  of  moisture,  ash,  and  sul- 
phur present  in  the  sample  are  also  given. 

])eU'rinlnntion8  of  o.indationy  calorific  value ^  moUdure,  ash,  and  siiJphur. 
[Minus  sipn  denotes  loss.J 


Sample  of  coal. 


Labo- 
ratory 
num- 
ber. 


1635 
163.S(' 
163.HK 
1039 
ir)<>() 
1H44 
2828 
224  ;i 
2255 
2lHi2 
2718 
1.H67 
2131 
2275 
227H 


Field  number. 


Calorific  value. 


Increase 

in 
weight 
due  to 
oxida- 
tion. 


Original. ,    Final. 


Gam  or 

loss 
above 
that  ac- 
couiited 
for  by 
oxida- 
tion. 


Moisture.      Anh. 


Sulphur. 


Illinois  No.  9  .\ 

Illinois  No.  9  B 

do 

do 

Illinois  No.  11  B 

Indiana  No.  4 

Ma><«<arhusetts  p<nt  .., 
North  Dakota  No. 3.. 

do 

Ohio  No.  5    

Texas  No.  4 

West  Virginia  No.  13. 

Wyoming  No.  2 

Wyoming  No.  2  H ' 

Wyoming  No.  3 


(rut. 

l.t)8 

Calarifs. 

Calorics. 

Calorics. 

Per  cent. 
4.99 
12.34 
11.89 
4.03 
3.25 
3.58 
13.60 
26. 6-1 
12. 62 
1.99 
3;j.00 
1.03 
4.64 
6.37 
12.59 

Per  cent. 
11.80 

Percent. 
4.43 

1   78 

2.47 

1 

1  34 

1 

11.48 

12.  as 

16.05 
20.74 
H.  8S 
8.77 
7.48 
7.66 
2.40 
21.77 
19. 69 
17.20 

4.40 

1.03 

2.62 

1.32 
1.00 
1.57 

.(■»0 

r»,  42(5 
4  0,5.-. 
4,498 

6,265 
4,049 
4,431 

—  77 
35 
3 

2. 59 

.58 

1.32 

1.22 

..>3 

.(;y 

7,501 

7, 375 

-86 

1.76 

.40 
.74 

53 

8,408 
5, 815 

8.359 
5,747 

^17 
-26 

.83 
4.22 
4  09 

2. .% 

5,108 

4,9<J3 

-75 

6.86 

The  oxidation  changes  in  every  case  are  sufficiently  large  to  be  of 
practical  importance,  the  smallest  change — that  in  the  Ohio  No.  5  sam- 
ple— being  0.53  per  cent,  while  the  Illinois  No.  9B  sample  showed  a 
change  of  2.47  per  cent.  The  Wyoming  No.  3  sample  showed  an 
increase  of  2.56  per  cent  in  weight  and  a  decrease  of  205  calories  in 
heating  value.  The  changes  in  weight  correspond  to  a  decrease  in 
heating  value  of  144  Ciilories,  the  final  caloritic  value  obtained  being 
75  calories  lower  than  is  accounted  for  by  the  changes  in  weight. 
Further  results  along  these  lines  are  desirable,  but  the  values  already 
obtained  show  very  clearl}^  that  old  samples  of  coal  can  not  be  regarded 
as  repi'e.'^entative  of  the  original  coal  in  composition  or  in  calorific 
value. 
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J)kteuminatio:ns  ob^  specufkj  uravities  of  the  coals. 

Two  determinations  of  specitic  gravity  were  made  on  a  number  of 
lumps  about  1  inch  in  diameter.  The  first  determination  was  made 
upon  a  number  of  specially  selected  lumps  representing  as  clean  coal 
as  could  be  picked  out,  carefully  avoiding  portions  contaminated  with 
slate  or  pyrites;  the  second  was  made  upon  a  number  of  lumps 
selected  to  represent  the  average  quality  of  the  coal  as  nearly  as  could 
be  expected  in  pieces  of  this  size.  The  determinations  of  each  kind 
were  made  (in  duplicate  and  sometimes  in  triplicate)  with  a  large 
Nicholson's  hydrometer  designed  for  use  with  the  coke  samples  and 
capable  of  handling  1,000  grams  of  coal.  The  following  table  gives 
the  results  on  the  two  kinds  of  lumps.  For  ease  of  reference  and  for 
comparison  the  determinations  of  ash  and  sulphur  on  the  car  samples 
of  ea^h  coal  are  also  tabulated. 

Determinations  of  ash,  sulphur ,  and  specific  gravity. 


Designation  of  coal  sampled. 


Car  !«ample. 
Ash.       Sulphur. 


Alabama  No.  2  B.. 

Alabama  No.  3 

Alabama  No.  4 

ArkansaA  No.  7  A  . 
Brazil. 


niinoia  No.  19  B 

niinol8No.23A 

niinol8No.25 

niinoia  No.  26.. 

niinoi8No.27..... 

Indiana  No.  5 

Indiana  No.  6 

Indiana  No.  7  A 

Indiana  No.  8 

Indiana  Na  9  A 

Indiana  No.  9  B 

Indiana  No.  10 

Indiana  No.  11 

Indiana  No.  12 

Kansas  No.  6 

Kentucky  No.  1  B 

Kentucky  No.  5 

Kentucky  No.  6 

Kentucky  No.  7 

Maryland  No.  1 

Missouri  No.  6 

New  Mexico  No.  3 

New  Mexico  No.  4  A . . 

New  Mexico  No.  5 

North  Dakoto  No.  1  B. 
North  Dakota  No.  3 . . . 

OhioNo.l 

Ohiolfo.2 

OhloNo.8 

ObioNo.4 

OhloNo.6 

OhioNos.6A.6B 

OhioNo.7 

OhioNo.SA 

OhioNo.9A 

ObloNo.9B 

Pennsylvania  No.  4  . . . 
Pennsylvania  No.  5  A . 
Pennsylvania  No.  5  B  . 
Pennsylvania  No.  6 . . . 


Do. 


Pennsylvania  No.  7  A , 
Pennsylvania  No.  8 . . . 
Pennsylvania  No.  9. . . 


14.69 

14.36 

12.92 

11.69 

21.93 

9.36 

11.53 

13.40 

12.09 

13.77 

10.88 

12.62 

9.21 

10.61 

10.80 

10.76 

8.67 

8.14 

11.65 

15.72 

3.37 

3.70 

2.76 

9.48 

13.13 

11.74 

16.67 

14.57 

14.57 

11.42 

7  75 

11.95 

11. :« 

11.58 

9.12 

7.30 

8.62 

6.37 

8.37 

8.29 

11.93 

10.41 

6.02 

6.06 

13.00 

12.52 

12.47 

6.63 

11.33 


1.12 

.55 

1.08 

2.02 

2.72 

.91 

4.41 

4.76 

3.51 

4.06 

4.27 

4.39 

3.74 

3.72 

3.27 

3.15 

3.83 

1.41 

3.87 

3.72 

.88 

.67 

.57 

3.60 

1.49 

5.60 

.73 

.61 

.69 

3.64 

1.16 

4  61 

4.02 

1.81 

3.47 

1.72 

3.33 

2.16 

2.84 

3  15 

3.35 

1.26 

1.20 

.88 

1.95 

1.94 

2.08 

.94 

2.04 


Specific  gravity. 


Selected    Average 
lumps.      lumps. 


1.32 

1.37 

1.30 

1.38 

1.28 

1.32 

1.32 

1.44 

1.37 

1.40 

1.31 

1.33 

1.22 

1. 26 

1.26 

1.30 

1.22 

1.31 

1.24 

1.28 

1.28 

1.42 

1.25 

1.39 

1.27 

1.40 

1.29 

1.30 

1.26 

1.36 

1.25 

1.33 

1.24 

1.29 

1.26 

1.30 

1.26 

1.32 

1.23 

1.34 

1.27 

1.40 

1.-29 

1.30 

1.27 

1.28 

1.31 

1.44 

1  36 

1.41 

1.21 

1.36 

1  29 

1.37 

i.m 

1.39 

1.31 

i.a5 

1.25 

1.44 

al 

22 

1.29 

1.36 

1.31 

1.36 

1.30 

1.33 

1.30 

1.39 

1.29 

1.33 

1.29 

1.35 

l.:w 

1.34 

1.30 

1.42 

1.29 

1.31 

1.30 

1.36 

1.:K) 

1.35 

1.30 

1.31 

1  28 

1.33 

1.30 

1.33 

1.30 

1.38 

1.33 

1.41 

1.31 

1.36 

1.35 

1.39 

a  No  distinclion  ma<le  between  I'h'Hn  or  .selectefl  lumps  ami  iivenige  lumps. 
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LkterminotiouH  o/ox/*,  Hidphur,  and  specific  </rajt/i/— Continuecl. 


Car  sample 


Peunsylvania  No 
Tennessee  No.  2. 
Tennessee  No.  3. 

Tennessee  No.  4 

Tennessee  No.  «i 

Tennessee  No.  7  A 

Tennessee  No.  H  \ 

Tennessee  No.  10 

Texas  No.  3 

Texas  No.  4 

Virginia  No.  1  A 

Virginia  No.  IB 

Virginia  No.  2  H 

Virginia  No.  3 

Virginia  No.  4 

Wasiiington  No.  1  B 

Washington  No.  2 

West  Virginia  No.  IB.. 
We-t  Virginia  No.  13. . . 
West  V^irginia  No.  II... 
West  Virginia  No.  15. . . 
West  Virginia  No.  ir.  A. 
West  Virginia  No.  1«  B. 
West  Virginia  No.  17. . . 
West  Virginia  No.  18... 
West  Virginia  No.  19... 
West  V^frginia  No.  20  — 
West  Virginia  No.  21 ... 

Wyoming  No.  2  B 

Wyoming  No.  3 

Wyoming  No.  4 

Wyoming  No.  5 

Wyoming  No.  6 


l>esignHtiou  of  coal  sampled. 


,  10. 


A.sh.      I  ffiilphur 


14 

12, 
13 
59, 

7. 

4 

5. 

5, 

4. 

4. 
11. 
12. 

7, 

3. 

3. 

8. 

5. 

8. 

8. 

6. 

5. 

8. 

4. 
20. 
l»i. 

6. 

3. 

3. 


1.26 

.98 

.99 

.98 

.78 

3.26 

4.38 

.21 

.99 

.51 

1.20 

1.11 

.92 

67 

.79 

.72 

.38 

.81 

.89 

1.03 

2.54 

1.06 

1.20 

1.45 

.67 

89 

1.38 

1.32 

4.03 

6.66 

.26 

.81 

.19 


Specific  gravity. 


Selected  '  Average 
lumps.   '   lumps. 


1.80 
1.28 
1.29 
1.29 
1.29 
1.34 
1.S4 
1.35 


1.36 
1.33 
L32 
1.37 
L31 
1.39 
1.37 


1.27 

1.27 

1.28 

1.27 

1.28 

1.28 

1.32 

1.31 

1.27 

1.27 

1.28 

1.30 

1.28 

1.28 

1.30  I 

1.26 

1.27 

1.28 

1.31 

1.2S 

1.33 

1.26 

1.28 


1.25 
1.26 
1.80 
1.34 
1.37 
1.28 
1.28 
1.33 
1.39 
1.36 
1.30 
1.28 
1.31 
1.37 
1.34 
L41 
1.34 
1.38 
1.34 
1.34 
1.87 
1.40 
1.35 
1.30 


It  is  obvious  from  the  foregoing  table  that  the  specific  gravity  of 
the  lumps  of  coal  is  considerably  affected  by  the  amount  of  impurities 
contained.  Even  the  selected  lumps  were  not  free  from  ash  and  sul- 
phur, so  that  it  is  not  possible  to  obtain  the  true  specific  gravity  of 
the  pure  coal  itself. 

In  order  to  further  investigate  the  relation  of  impurities  to  specific 
gravity,  five  of  the  coals  in  the  foregoing  table  were  selected  as  repre- 
senting the  great  diversity  of  character.  These  coals  were  separated 
first  into  sizes  and  then  each  size,  except  the  dust,  was  further  sepa- 
rated by  "float-and-sink"  tests  upon  heavy  solutions,  of  1.35  specific 
gravity  calcium  chloride  and  1.45  and  l.r)5  specific  gravit3-  zinc  chlo- 
ride.    The  procedure  in  detjiil  was  as  follows: 

The  coal,  after  crushing  till  it  all  passed  a  ^-inch  screen,  was  sifted 
over  a  series  of  sieves — SO  mesh,  40  mesh,  10  mesh,  and  4  mesh.  That 
passing  the  first  two  screens  was  designated  "dustf'  that  passing  the  10 
mesh  and  retained  on  the  40  mesh  was  designated  "'  fine;"  that  passing 
the  4  mesh  and  retained  on  the  10  mesh  ''  medium,"  and  that  retained 
on  the  4  mesh  '' coarse."  The  dust  was  not  sepanited  on  the  solution, 
but  each  of  the  remaining  classes  was  then  stirred  in  a  solution  of  1.35 
specific  gravity,  and  the  floating  coal  was  removed,  washed,  and  air 
dried.  That  sinking  in  this  solution  was  then  washed,  dried,  weighed, 
and  stirred  in  a  solution  of  1.45  specific  gravity,  and  the  floating  coal 
•'^ated  as  before;  and  the  process  was  again  repeated  in  a  solution  of 
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1.65  specific  gravity   with   the   coal    that  sank.     Each    product  was 
washed,  air  dried,  and  analyzed. 

The  results  are  j^iven  in  the  following  table.  Column  1  gives  the 
percentage  that  the  amount  of  coal  in  each  gi*ade  of  fineness  forms  of 
the  entire  sample  treated;  column  2,  the  percentage  that  the  amount 
of  coal  in  each  class  separated  by  gravity  forms  of  the  amount  in  its 
grade  of  fineness,  and  column  3,  the  percentage  that  the  amount  of 
coal  in  each  class  forms  of  the  entire  sample.  Column  4  gives  the 
determination  of  the  ash  in  each  class,  expressed  as  a  percentage  of 
the  amount  of  coal  in  the  class;  column  5,  this  determination  of  the 
ash  expressed  as  a  percentage  of  the  entire  sample  of  coal,  and  columns 
6  and  7  give  the  same  percentages  for  the  sulphur.  The  totals  of  the 
results  for  ash  and  sulphur,  in  columns  5  and  7,  should  obviously 
equal  the  ash  and  sulphur  determinations,  respectively,  in  the  original 
coal,  which  are  printed  below  them  for  purposes  of  comparison.  The 
differences  are  due  to  unavoidable  errors  in  the  work  ind,  in  some 
cases,  probably  in  part  to  the  presence  of  sulphates  extracted  in 
washing. 

Impurities  in  coal  as  related  to  different  grades  of  fineness  and  classes  of  specific  gravity. 

NO.  2023,  BRAZIL  NO.  l.a 


Mechani 

Per  cent 
of  entire 
sample 
in  each 
grade. 

1. 
3.95 

cal  distribution  of 
coal. 

Amount  of  ash  in 
each  class. 

Amount  of  sulphur 
in  each  class. 

Grade  and  i-Iass  of  coal. 

Amount 
cla 

Per  cent 

of  its  own 

grade. 

in  CHch 

Per  cent 
of  entire 
sample. 

As  per 

cent  of 

coal  in 

the  class. 

As  per 
cent  of 
entire 
sample 
of  coal. 

As  per 

cent  of 

coal  in 

the  class. 

As  per 
cent  of 
entire 
sample 
of  coal. 

2. 

3. 

4. 

28.64 
26.35 

5. 

6. 

7. 

^lot;;4o:::::::::::::.:::: 

6  i.  43 
43. 57 

1.131 
.804 

1.90 
1.60 

0.075 

.049 

7.00 

Sam 

7.  CO 
18.10 

100.00 

Fine,  40  to  10 

' 

Specific  gravity— 

Underl.35 

62.11 
2.23 
17.83 
17.83 

11.15 

.40 

3.20 

3.20 

11.64 
15.33 
30.22 
54.49 

1.298 
.061 
.967 

1.744 

.61 
.84 
.615 
5.41 

.068 

1.35  to  1.45 

.003 

1.45  to  1.65 

.020 

Above  1.65 

.173 

Sum 

100.00 

17.95 

30.45 

Medium,  10  to  4 

Specific  gravity— 

Underl.36 

55.53 
3.64 
28.01 
12.82 

17.55 
1.15 
8.85 
4.  OS 

13.90 
23.38 
33.38 
55.08 

2.439 

.269 

2.954 

2.231 

.60 

.59 

.55 

8.92 

.105 

1.35  to  1.45 

.007 

1.45tol.a*» 

.049 

Above  1 .65^ 

.361 

Sum 

100.00 

31.60 

44.60 

Co«rw,  4  to  2 

Specific  gravity— 
Underl.35 

45.10 
3.19 
31.92 
19.79 

21.20 
1.60 

15.00 
9.30 

17.33 
26. 52 
32.74 
59.08 

3.674 

.398 

4.911 

5.4W 

.61 

.50 

.66 

•.'1.24 

.136 

1  35  to  1  45 

.007 

1.45  to  1.65 

.099 

Atwve  1.65 

1.975 

.  Sum 

100.00 

47.00 

Total 

100.15 

103.56 

28.375 
28.18 

3.127 

On^nal  sample .  . 

4.28 

aSp.  gr.  of  average  lumps,  1.40;  of  8electe<l  lumps,  1.37. 
6l2ft— Bull.  323—07—4 
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Impurities  in  coal  as  related  to  different  grades  offineixesSy  etc. — Continued. 
NO.  2346,  MARYLAND  NO.  l.a 


Grade  and  clans  of  coal. 


Mechanical  distribution  of 
c-oal. 


Amount  of  a8h  in 
each  cla.ss. 


Amount  of  sulphur 
in  each  class. 


Per  cent 
of  entire 
><ample 
in  each 
grade. 


Amount  in  each 
claBs. 


'ercent 

of  its  own 

grade. 


I 


\s  per 
cent  of 
Per  cent  i   coal  in 
of  entire  jtlie  class, 
sample. 

3. 


r80 

^"^^\80to46.' 


bum . 


Fine,  40  to  10 , 

Specific  gravity — 

Under  1.35 

1.35  to  1.45 

1.45  to  1.65 

Above  1.65 


5.05  ! 

4.(15  ] 

9.70  • 

33.45  . 


52.06  ' 
47.94  I 


15.47 
12.99 


As  per 
cent  of 

entire 
sample 
of  coal. 


0.7H1 
.(KM 


As  per 
cent  of 
coal  in 
the  class. 


2.00 
1.55 


81.40  ; 
10.07 
3. 75  I 

4.78  I 


Sum. 


100  00  I 


27.10 
3.3.1 
1.25  I 
1.60  ' 

33.30  I 


0.25  i 
13.62  I 
25.02 
61.  4«  ' 


1.694 
.  456 
.313 
.984 


Medium,  10  to4 

8i>eclfic  gravity — 

Under  1.35 

1.35tol.45 

1.45tol.ti5 

Above  1.65. 


41.95  , 


Sum 

Coarse,  4  to  2 

14.  70 

Specific  gravity— 

Under  1.35 

1.35  to  1.45 

1.45  tol.r»5 



Above  1 .6^ 

Sum 

63.60 

26.  a5 

5.57 

25. 54 

10.70  i 

13.77 

5.8.5 

2.45  1 

25. 63 

5.01 

2.10 : 

57.63 

1.484 
1.473 

.  62.S 
1.210 


39. 15 
38. 10 
10.84  I 
11.91  I 


5.75 
5.  CO  I 
1.60  ! 
1.75 


6.45  , 
14.16  1 
25.68 
.V>.  90 


.371 
.793 
.411 
978 


100.00 


Total 

Original  simple  . 


99.80  I 


14.70  I 
99.60  ! 


NO.  230S,  PENN.SYLVANIA   NO.  6.'' 


12.180 
12.5:? 


Dust 


80  to  40  . 
.Sum 


a  \  40  to  10 

Specific  gravity- 
Undcrl.:i5.. 
1.35  to  1.45.. 
1.45lol.(»5.. 
Above  1.65- . 


5..'i0 
4.35 


Sum 1  0. 00  I 


Medium.  10  to  4 

Specific  gravity- 
Undcr  l.a5.. 
1.35  to  1.45.. 
1.45  to  1.65.. 
Above  1.65.. 


29." 


.1. 


Sum  . 


6. 15  ' 
16.97  I 
29.  70 
6:^.95 


1.491 
.158 
.2aH 

1.311 


.92 
1.25 
2.21 
9.04 


As  per 
cent  of 
entire 
sample 
of  coal. 


.81 
1.21 
2.  •M\ 
8.14 


.84  , 
1.07  I 
2.48  I 
7.28 


1.10 
2.39 
3.42 
11.39 


Coarse.  4  to  2 

Specific  gravity — 

lnderl.3.'> 

1.35  to  1.45 

1.45tol.65 

Above  1.65 


39.  70 


Sum  . 


Total 

Originul  siiniple  . 


W.  70 


13.202 

12.61   ; 


0.101 
.072 


.249 
.042 
.028 
.145 


.224 
.129 
.058 
.171 


.048 
.060 
.040 
.127 


1.49 
1.51 


1        55.8.5  '. 

14.74 
12. 35 

0.811 
.537 

2.36  ' 

2. 19  1 

0.  130 

'         44.  15    . 

.095 

9.85 

1       100.00  i 

'         88. 3G 
2.  97 
1.98 
6.69  j 

17.  SS 

.60 

.40 

l.i5 

6.44 
17.55 
28.  26 
67.  4.3 

1.149 

.1^3 

.113 
.911 

1 
1.10  i 

2.75  ; 

4.04  ; 
10. '20  , 

I 

.196 
.016 
.  016 

.138 

1  0.  00  I 

20.  '20 

.267 
.065 
.027 
.'233 


— 

1 

1 

70.  42 

'27.95  1 

1 
6.21   , 

1.736  , 

1.07 

.•299 

13.  H6 

5.;i0  ' 

16.37  j 

.90t> 

2.:j.i 

.12S 

4.78 

1  90 

•29. 57 

.  .Si.2 

2.47 

.047 

10.94 

4.35 

6<>.  20 

•2.  8»0 

7.06 

.:<07 

1.9M 
1.76 


aSp.  gr.  of  nvcnigc  lunips.  1.41;  of  selected  )timi)»<,  1-31'.. 
bSp.  gr.  of  avenigc  lumps.  1.33:  of  seleoled  lumps,  1.30. 
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Impurities  in  coal  as  related  to  different  grades  of  fineness ^  etc. — Continued. 

NO.  2298.  WEST  VIRGINIA  NO.  15. n 

'  Mechanical  distribution  of  |  Amount  of  ash  in    Amount  of  Hulphur 
I  coal.  '        each  class.  in  each  claj«. 


cla-s. 


Grade  and  clasa  of  coal. 


Per  cent 

of  entire  

li'S'STch  p«^««"^ 

I    .?r!de     «f  its  own 
grade.        ^^^^ 


Amount  in  each 


Sum 


Fine,  40  to  10 

Specific  gravity— 

Under  1.36 

1.85  to  1.45 

1.45  to  1.65 

Above  1.65 


Sum . 


Medium.  10  to  4 

Specific  gravity— 

Under  1.35 

1.35  to  1.45 

1.45  to  1.65 

Above  1.65 


Sum  . 


CJoarHe,4  to  2 

Specific  gravitj  — 

Under  1.35 

1.35  to  1.15 

1.45  to  1.65 

Above  1.65 


Sum  . 


Total 

Original  sample . 


5.35  ' 
4.35  I 


55.15 

44.86 


9.70 
22.65  , 


100.00 


92.68 

1.33 

.89 

5.10 


I    As  per 

,  cent  of 

Per  cent ;  coal  in 
the  class. 


5.35 
4.35 


9.70 


20.90 
.30 
.20 
1.15 


100.00  I 


22.55 


33.20 


34.30 


99.85 


90.  &i  i 
3.77 
1.81 
3.77 


30.05 
1.'25 
.60 
1.26 


100.00  I        33.15 


86.30 
6.42  1 
3.49 
3.79  I 


29.60 
2. 20 
1.20 
1.30 


100.00 


34.30 


10.35 
8.27 


4.39 
13.63 
•22. 75 

57.78 


4.56 
13.40 
•22.89 
58.08 


5.40 
13.10 
24. 8« 
66. 15 


As  per 
cent  of 

entire 
sample 
of  coal. 


As  per 
cent  of 
coal  in 
thecla.s8. 


0.554 
.360 


.917 
.(Ml 
.046 
.  671 


1.370 
.167 
.137 
.663 


1.597 

.28M 
.298 


7.969 
7.34 


NO.  2278,  WYOMING  NO.  3./> 


3.42 
3.10 


A.s  per 
cent  of 
entire 
.sample 
of  coaU 


0.183 
.115 


1.62 

.338 

6.37 

.019 

10.10 

.(J20 

26.95 

.310 

1. 59 

6.48 

10.25 

26. 26 

.478 
.081 
.061 
.328 


1.73  1 

.512 

6.40  1 

.141 

7.40 

.089 

13.05 

.171 

2.846 
2.82 


Dustjl 


HO 

80  10*46!! 


Sum  . 


Fine.  40  to  10 

Specific  gravlty- 
Underl.35-. 
Above  1.35.. 


Total 

Original  sample . 


•2.05 
1.70 


54.62 
45.38  I 


3.75  I 
11.50  ' 


100.00  I 


Sum   

Medium,  10  to  4.  . 

29  85 

Specific  gravity— 

Under  l.;i5 

Aljove  1.35 

Sum 

Coarse,  4  to  2 

.'i4.  85 

Specific  gravity— 
Under  1  35 

Alx)ve  I .:i5 i 

Sinn 

74.12 
2.5.  H8  . 


8.:^  I 
•2.90  I 


100.00  I 


11. '20  I 


77.03  ' 
22.97 


22. 65 
6.75 


100.00  I 


69. 60  . 
30.:ii  ' 


.:^8.20 
16.65 


99  95 


99. '20 


23.45 
19.43 


5.46 
47.51 


5. 54 
47.98 


6.53 
50.03 


0.481 
.330 


.453 
1.378 


1.2.V> 
3.  -I'i^ 


2.494 
8.330 


17.960 
17.9«) 


8.89 
8.21 


4.91  I 
14.43  I 


4.72  1 
15.  .54  ' 


4.66 
IS.  04 


0. 182 
.139 


.407 
.418 


1.089 
1.1M9 


1.780 
3.004 


8.018 
H.  :^6 


".Sp.gr.  of  average  lumps,  1.31:  of  selected  lumps,  1.28. 
''Sp.  gr.  of  average  iumps.  1.40:  of  selected  lumps,  1.28. 
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All  examination  of  the  figures  in  the  foregoing  table  .shows  the  very 
rapid  increase  in  impurity  of  the  coal  with  increase  in  specific  gravity. 
The  finer  the  coal  is  crushed  the  more  complete  would  be  the  mechan- 
ical separation  of  the  heavy  impurities  from  the  coal,  but  the  behavior 
in  this  respect  evident!}'  varies  great I3'  with  different  coals.  In  the 
Brazil  coal  the  sulphur  is  nearly  the  same  in  all  the  coal  under  ^-inch 
size  and  below  1.65  s|X)cific  gravit}^  while  the  ash  increases  both  with 
size  and  with  the  specific  gmvity.  In  the  Maryland  coal  both  sulphur 
and  ash  increase  with  specific  gravity,  and  apparently  without  very 
much  reference  to  size  of  product.  Practically  the  same  is  true  of  the 
Pennsylvania  No.  6  coal  and  of  the  \V(»st  Virginia  coal.  The  record 
of  the  Wyoming  coal  is  not  sufficiently  complete  for  comparison.  In 
all  but  the  Brazil  coal  there  is  a  marked  tendency  to  increase  of  ash 
and  sulphur  in  the  fine  dust,  suggesting  that  the  impurities  are  liber- 
ated in  crushing  aiid  arc  more  brittle  than  the  mass  of  the  coal. 
Noticeably  different  compositions  in  ash  and  sulphur  of  the  portions 
of  the  various  coals  below  i/At)  specific  gravity,  may  indicate  either 
actual  variations  in  the  specific  gravity  of  the  coal  proper  or  variations 
in  the  nature  of  the  combination  of  the  sulphur  and  mineral  matter. 

Further  experiments  along  these  lines  seem  very  desirable. 

LABORATORY    METHODS    OF     DKTKRMIMNC;     A1>A1»TABILITV    OF    COALS   TO 
IMPROVKMENT    BY    WASllINO. 

The  labonitory  method  of  testing  consists  in  floating  the  sample 
upon  solutions  of  diflerent  density  and  thereby  separating  the  coal 
into  portions  of  diti'erent  specific  gravity,  the  amounts  of  these  por- 
tions being  determined  and  each  portion  analyzed  separately  for  ash 
and  sulphur,  as  noted  under  the  last  heading.  The  samples  used  were 
crushed  to  one-half  inch  and  finer  before  testing,  and  for  convenience 
in  handling  were  divided  by  sifting  into  two  portions,  one  one-half 
inch  to  one-fortieth  inch,  the  other  one-fortietli  inch  and  finer.  On 
some  of  the  earlier  samples  the  division  was  made  at  one-twentieth 
inch.  The  solutions  used  for  washing  the  samples  were  a  calcium- 
chloride  solution  of  1.35  specific  gravity  and  a  zinc-chloride  solution 
of  1.05  specific  gravity.  Solutions  of  1.45  and  1.1>0  specific  gravity 
were  also  used  occasionally.  The  clean  coal,  low  in  ash,  Hoats  upon  a 
solution  of  1.35  specific  gravity.  Moderately  high-ash  coal  sinks  in 
a  solution  of  this  gravity,  but  floats  upon  a  solution  of  1.45  specific 
gravity.  Coal  very  high  iu  asii  is  heavier  than  1.45,  but  floats  upon  a 
solution  of  about  1.05  specific  gravity,  while  the  slat€  and  p3'rites 
sink  in  solution  of  this  gravity.  The  results  obtained  bv  washing  the 
samples  upon  these  different  solutions  and  the  analysis  of  the  resultant 
products,  together  with  the  analysis  of  the  original  sample  and  the 
analysis  of  samples  obtained  from  actual  washing  tests  made  at  the 
washery  connected  with  the  fuel -testing  plant  upon  5-  to  6-ton  lots  of 
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certain  of  the  coals,  are  given  in  the  tables  of  results  l)elovv.  As  these 
laboratory  samples  were  all  crushed  to  one-half  inch  and  finer  before 
testing,  these  results  do  not  necessarily  show  what  might  be  done 
with  the  coal  crushed  to  other  sizes.  They  do,  however,  give  an  indi- 
cation of  the  possible  improvements  which  may  be  expected  from 
washing. 

The  '*■  one- fortieth  inch  and  finer"  portion  of  the  sample  was  tested 
as  follows:  The  sample  was  stirred  up  with  water,  and  after  settling 
for  one  minute  the  liquid  was  decanted  off  very  closely  and  the  remain- 
ing portion  was  dried,  weighed,  and  analyzed.  The  loss  on  decanta- 
tion  indicates  in  a  very  general  way  the  extent  to  which  the  coal 
breaks  down  into  a  fine  powder  upon  handling  or  crushing,  and  is  an 
indication  of  the  amount  of  fine  coal  lost  during  washing.  The  par- 
ticular crushing  machinery  used  would,  however,  greatly  affect  the 
amoimt  of  fines  produced  in  crushing.  The  analytical  results  on  the 
portion  remaining  after  decantation  are  in  a  general  way  an  index  to 
the  way  the  impurities  separate  from  the  coal  in  crushing. 

The  interpretation  of  these  results  ma}^  perhaps  be  understood  best 
by  a  consideration  of  the  results  derived  from  some  particular  sample, 
as  Indiana  No.  7  A.  In  this  sample  the  ash  and  sulphur  contents  in 
the  unwashed  coal  are,  respectively,  0.03  and  3. 75.  The  sample  crushed 
to  "••^  inch  to  i\  inch"  was  separated  by  sifting  into  lU.l  per  cent 
coarse  and  8.G  per  cent  fine.  Considering  the  coarse  portion:  The 
part  lighter  than  1.35  specific  gravity  amounted  to  8G.7  per  cent  of 
the  entire  sample,  and  contained  G.G9  per  cent  ash  and  3.i)5  per  cent 
sulphur.  It  is  (juite  probable  that  in  actual  washing  practice  a  large 
part  of  the  ''4V,  inch  and  finer"  would  be  reduced  in  ash  and  sulphur 
contents  to  about  the  same  percentage,  which  would  indicate  the  pos- 
sibility of  improving  this  coal  2  per  cent  in  ash  and  0.7  per  cent  in 
sulphur,  accompanied  b}-  a  washing  loss  of  about  10  per  cent.  The 
distribution  of  the  ash  and  sulphur  on  the  heavier  portion  is  shown 
by  the  percentage  results  on  the  '*'1.35  to  1.G5"  portion  and  on  the 
portion  ''  Heavier  than  1.G5."  The  washery  tests  do  not  show  so  great 
an  improvement  in  ash  and  sulphur  as  might  be  expected  from  the 
analysis  of  the  portion  ^'  Lighter  than  1.35,"  and  a  portion  of  the  ^*  1.35 
to  1.G5"  specific  gravity  material  evidently  remained  with  the  washed 
coal.  However,  washery  tests  upon  such  small  lots  of  coal  can  not 
be  expected  to  give  the  best  results;  also  the  possible  improvement  at 
i-inch  size  is  apt  to  be  greater  than  can  be  obtained  at  l^-inch  size,  at 
which  the  sample  was  worked  at  the  washery.  The  results  of  the 
lal>orator\'  tests  indicate  that  the  high  sulphur  and  the  comparatively 
high  ash  in  the  washed  coal  from  the  washery  is  not  the  fault  of  the 
washing,  but  is  due  to  the  combination  in  which  the  ash  and  sulphur 
occur,  showing  that  a  very  low  ash  and  sulphur  product  can  not  be 
obtained  from  this  coal  by  washing.     The  laboratory  tests  do,  how- 
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ever,  indicate  that  under  the  best  conditions  of  washing  there  would 
be  some  improvement,  but  not  much,  over  the  results  obtained  at  the 
washery  of  the  fuel-testing  plant. 


Determinations  of  ash  and  sulphur  in  coal  samples  varioasty  treated. 

ILLINOIS  NO.  9  A. 

[L'nwRsht'd  fOHl — ash.  11.21;  sulphur,  4.53.] 


First  series: 

iinch  to  Scinch '  91.9 

Lighter  than  1.:J5 \        75. 2 

1.35  to  1.65 12. 1 

Heavier  than  1.65 4.2 


^  inch  and  finer 9. 0 

Very  fine,  deeanted  " ;  2. 3 


Remainder . 


Second  series: 

1  inch  to  ^  inch 

Lighter  than  1.45.. 
Heavier  than  1.45  , 


a\,  inch  and  finer 

Very  fine,  decanted »». 
Remainder , 


2.4  ! 

5.6 


Washcil  at  I'-inch  size: 

Sample  No.  1 

No.  2 


Sulphur. 


Compared  with 
original  sample. 


13.88 


8.14 
8.26 


Ash.       Sulphur. 


6.08  3.16 

21.04  I  4.80  I 

58.34  16.93  I 


4.57 
2.55 
2.45 


10.61  I 


11.42  j 


3  63  ; 

3.71 


2.38 
.58 
.71 


.10 
.24 


4.01 


8.22 
44.02 

3.32 
14.12 

'6.' 98* 
3.39 

2.82 
1.09 

.27 

.78 

.11 

13.88 

4.20 

.24 

ILLINOIS  NO.  11  B. 
fl'nwashed  coal— a«4h,  12.54;  sulphur,  2M.] 


I  inch  to  ^  Inch 80.1 

Lighter  than  1  .:Jr> 1         56. 5 

1.35  to  1.65 16. 1 

Heavier  than  1.6.^ 5. 7 


3>o  inch  and  finer 19. 5 

Very  fine,  decante<l " '  .').  ^ 

Remuinder I;i.  7 


t 

5.7i 
17.49 
O.S.  42 

1.72 
2.48 
11.91 

3.22 
2.82 
3.33 

0.97 
.40 
.68 

2,39 

17 

17.12 

3.15 

.43 

12.49 

2.65 

i  inch  tOjVi  ^^^'^^ 

Lighter  than  l.;i5 

1.35  to  1.65 

Heavier  than  1.65 


,'(,  inch  and  finer 

Very  fine.  decante<i«' 
Remainder 


ILLINOIS  .VO.  19  B. 
[Unwashed  coal  (boiler-test  sample.  No.  "2044)— tiMh.  10.57;  sulphur,  0.49.] 


9-2.8 


80.9 
5.6 
6.5 


4.79  1 

0.63  1 

3.88 

0.51 

27.03 

.52 : 

L51 

.03 

65.75  I 

.29 

4.28 

.02 

3.5 
3.4 


.60  I 


.37  I 
.55 


10.59 


.02 
.02 


.60 


n  KvilimHied  from  resultison  unwashcnl  coal. 
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Determinations  of  aah  and  sulphur  in  coal  samples  variously  treated — Continued. 

INDIANA  NO.  4. 
[Unwashed  coal  (boiler-test  sample,  NO.  1892)— ash.  10.6.1;  sulphur.  2.74.] 


Portion.       Ash.       Sulphur. 


Ck>inparerl  with 
original  sample. 


Ash.       Sulphur. 


i  inch  to  ^  inch ,  81 . 9 

Lighter  than  1.35 !  61.8 

1.35  to  1.65 1  11.9 

Heavier  than  1 .66 !  8. 9 


5.89 
17.50 
69.29  , 

1.82  1 
3.M  ' 
7.01 

3.66 
2. 10 
6.17 

1.12 
.42 
.62 

^o  inch  anil  finer i  17.5         | ' I 

Verj-  fine,  decanted  « 5. 3   .  83  I  .15 

Remainder 12.2  23.83  2. 81  I         2.88  .35 


Washed  at  li-inch  size:  I  = 

SampleNo.l | 8.26  2.26    . 

No.2 ' 7.69  2.26  L 


2.66 


INDIANA  NO.  6. 
[Tnwashed  coal  (boiler-test  sample,  No.  1928)— a.sh,  13.54;  sulphur,  4.83.] 


i  inch  to  ^  inch !  76. 1  ' I . . . , ' 

Lighter  than  1.35 56.2  |  6.(53  i  2.92  1  3.73  i  1.64 

1.35tol.65 1  13.6  I         19.58  5.  .54  2.66  .75 

Heavier  than  1.65 1  6.7  ^       M.89  I        13.75  3.68,  .91 


A  i"f  h  and  finer |  2:1. 2         i 

Very  fine,  decanted  « i  6.9 

Remainder I         16. 3 


Washed  at  U-inch  size: 

StimpleNo.  1 

No.2 

No.  3 


...♦ 1.. 

.93  1 
2.79  ! 

33 

17. 10  : 

5.19 

3.67 
3.94 
3.73 

.85 

13.79  1 

4.48 

1        10.34 

[ 

1         10.98 

1 

10.06  1 

I-. 

t 

INDIANA  NO.  7  A. 
[Unwashed  coal  (boiler-te.st  sample.  No.  19119)— ash,  9.03;  sulphur,  3,75.] 

i  inch  to  4>,  inch I  91.1 

Lighter  than  1.35 '  8<;.  7 

1.35  to  1.65 3.«; 

Heavier  than  1.65 3.  4 


^\i  inch  and  finer •   8. 6 

Ver>'  fine,  decanted  <• 5. 4 

Remainder 3. 2 


Washed  at  IJ-inch  .size: 

Sample  No.  1 

N«).2 


6.69  ' 
26.2:3  1 
5.5.84 

3.a5  1 

4.39  1 
23.48 

5.80  i 
.94  ' 
1.90 

2.W 
.16 
.80 

.49 
.55 

.20 

17. 13  ; 

4.48  ' 

.14 

, 

9.68  1 

3.94 

8.»1 
8. 18  ■ 

3.;«   .. 
:{.3<;   .. 

INDIANA  NO.  9  K. 

[Unwashed  coal  ( iKiiler-test  wimple,  No.  20-'VJ)— ash.  10.98;  sulphur,  3.02.] 

^._    -__  _    _     _  ^        _         ^ 

i  inch  to  ^  inch 78.4 

Lighter  than  1.35 04. 2 

1 .35  to  1 .65 7.3 

Heavier  than  1 ,65 '  3. 2 


jV.  inch  and  finer 21.3 

Verv  fine,  decanted  <» 8.8    ' 

Remainder 12. 5  19.  h;  4.24 

I 

Washed  at  Ij-inch  "».-•:  t 

Sample  No.  1 9. 22  2. 91 

No.  2 8.  M  2.  r,9 

«  Estimttt<.Ki  from  results  on  unwa-^hed  coal. 


HAA  ' 

2. 30 

5. 16 

1.48 

2.^.  90  i 

4.60 

1.89 

.:« 

60.  75 

16.70 

1.94  1 

1 

.  52 

.97 
2. 4S 

.26 
..53 

1         12.44  1 

3. 12 

. 
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DetermitiutioHS  of  twh  and  Kulphnr  ui  coal  sampUs  ntrioiitih/  treated — Continued. 

INDIANA  NO.  11. 
[I'nwajihed  oonl  (boiler- te«t  .rumple,  No.  24J1) — »isli.  s.»4j;  sulphur,  1.61.] 


Portion. 


i  Inch  to  ^  imih 80. 9 

Lighter  than  1.35 72. 1 

JL35tol.(i5 1  4.9 

Heavier  than  l.t>5 ■  3. 4 


,»o  inch  and  finer |  is.  7 

Very  fine,  dec4inte<l  i 9. 7 

Remainder 9. 0 


'    Compared  with 

....           original  sample. 
Ash.       Sulphur. 

Ash.       Snlphur. 


1 

6.10 
25.90 
54.34 

1.22 
2.78 
10.14 

4.42 
1.27  i 
1.85 

1 

0.88 
.14 
.34 

1.25  ! 


.16 
.21 


1.73 


KENTUCKY  NO.  6. 
[UnwH.'shed  eoul  (boller-tet^t  fample,  No.  2662)— ash,  8.15:  .•sulphur,  0.44.] 


i  inch  to  ^  inch 

89.8 

Lighter  than  1.35 

1.35  to  1.65 

88.4 

.6 

2.27 
27.30 
71.61 

0.56  1 
.71  : 

.85  1 

2.01 
.15 
.43 

0.50 
.00 

Heavier  than  1.65 

.6 

.01 

-^  inch  and  finer 

9. 8 

Very  fine,  decanted  « 

Remainder 

1            6.0    . 

!            3.9  1 

1 

i          1 

.19 
.27 

.03 

6.85 

.70  i 

.03 

3.05 

.57 

MISSOURI  NO.  5. 
[Un\viushe<I  (boiler-test  wimple,  No.  2892)— a^h,  16.94;  ><ulphur.  6.r»0.] 


i  inch  to  :^  inch 91 . 5 

Lighter  than  1.35 74. 7 

1.35  to  1.65 8.4 

Heavier  than  1.65 9. 4 


4\,  inch  and  finer I    8.2 

Very  fine,  decanted  « '  3. 3 

Remainder 4.9 


Washed  at  IJ-inch  .nize: 

Sample  No.  1 

No.  2 


6.86 
'23.13 
55. 85 

3.17 
6.^7 
16. 28 

5.12 
1.94 
5.25 

2.37 

.59 

1.53 

.57 
1.24 

.19 

25. 30 

6. 73 

4.10 
3.W 

.33 

14.12 

5.01 

10.28 

10. 12 

MISSOURI  NO.  6. 
[Unwashed  c*jh1  (boiler-test  .sample.  No.  2927)— a>*h,  11.67;  sulphur.  5.52.] 


i  inch  to  ,»rt  inch 89. 2 

Lighter  than  1.35 

1.35  to  1.65 

Heavier  than  1.65 


f  inch  and  finer 10. 4 

Very  fine,  decanted  n 

Remainder 


89  2 

1 

79.6    ■ 

7.0  ' 

6.1  1 

1 

I 

6.96 
21.08 
46.89 

3.69 

8.33 

20.81 

5.M  1 
1.48 
2.86  , 

2.94 
.58 
1.27 

10  4 

2.0  1! 
8.4  ' 

1 

.28  I 
1.39  1 

.11 

16.  5.1 

1 

6.(» 

.56 

11.50 

5.46 

"Estimated  from  results  on  unwashed  coal. 
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DeierminatioiiH  of  (ih/i  and  Huiphnr  In  coal  samplfs  rarioujtjy  treatcfJ — ('ontinued. 

OHIO  XO.  1. 
[I'liwashed  cohI  (boiler-tost  sampU',  No.  213«)— u.mJi.  16.91;  sulphur.  o.:W.] 


\  inch  U>5^inch '  S7.0 

Lighter  than  1.35 57. 5 

1.35  to  1 .65 16. 8 

Heavier  than  1.65 7. 3 


Portion.        Anh.       Sulphur. 


I    «T, 


Compared  witli 
original  sample. 


.\8h.     '  Sulphur. 


^  inch  and  finer |  12.0 

Very  fine,  decanted  « 7. 3  ' 

Remainder 5. 7 


Washed  at  li-inch  size: 
Sample  No.  1 


1 

5.97 
18.91  1 
M.85  1 

2.91 

5. 87 
15.01 

i 

3.43 
3.18 
3.97 

1.67 

.98 

1.10 

I 

i.23 
1.69 

.39 

29.56  1 

7.04 

.40 

13.50  I 


9.20  I 


3.98  i 


OHIO  NO.  .'>. 
[Unwashed  coal  (boiler-test  sample,  No.  2101)— ash,  8.02;  sulphur. 


1.65.] 


i  inch  and  ^  inch 90. 8 

Lighter  than  1.35 78. 1 

1.^  to  1.65 7.5 

Heavier  than  1.65 3. 4 


^  inch  and  finer |    8. 9 

Very  fine,  decanted  a 6. 4  I 

Remainder 2. 6  '       12. 70 


1 

1 

4.77 
17.33 
69.67 

1.39 
2.53  1 
3.72  1 

3.73  1 
1.30  , 
2.37 

1.09 
.19 
.13 

.51  I 
.33 


.10 
.07 


I 


PENNSYLVANIA  NO.  8. 
[Unwashed  coal  (boiler-test  sample,  No.  2446)— a.sh,  6.33;  sulphur, 


0.89.] 


4  inch  to  ^  inch 

Lighter  than  1.35 

1.36  to  1.65 

Heavier  than  1.65 

j'o  inch  and  finer 21. 2 

Very  fine, decanted" 12. 6 

Remainder 8. 6 


78.5 

71 

0 

4 

8 

1 

6 

1 

5.02  1 
21.19  1 
51.98 

i 

0.58 
1.49 
8.36 

3.56 

1.02 

.83 

0.41 
.07 
.13 

1 

.80 
.65 

.11 

7.51 

1.10 

.09 

6.86 

.81 

PENNSYLVANIA  NOS.  7  A  AND  7  B. 
[Unwa-shed  coal  ( boi I er-te.st  sample.  No.  21M2)— ash,  ll.:i6:  sulphur,  1.68.] 


i  inch  to  ,\,  Inch 90  0 

Lighter  than  1.35 73.5 

l.:»lol.66 i         14.6 

Heavier  than  1.65 1.1 


,'„  inch  and  finer 9.0 

Very  fine,  decanted  " 7. 4 

Remainder 1.7 


Washed  at  Ij-inch  size: 

Sample  No.  1 

No.  2 


1 

2:i.  12 
43.  (i5 

1.40 
2.03 
9.71 

b.  48  1 
3.38 

.48  1 

1 

1.03 
30 
.11 

.84 
.21  ] 

.13 

12. 53 

3  59 

1.63 
1.68 

.06 

11.39 

1.63 

10.  62 
11.36 



::.:::: 

iKstimaled  from  results  on  unwa.shcd  coal. 
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iHerminatimis  of  ash  and  mdphur  in  roa I  samples  variously  treated— ^Contmnet^. 

PENNSYLVANIA  NO.  10. 

[Unwashed  coal  (boiler-test  .sjimple,  No.  2373)— tush,  6.37;  sulphur,  1.35.] 


I  Portion. 


i  inch  to  ^  inch 87. 0 

Lighter  than  1.35 78. 5 

l.^tol.65 5.6 

Heavier  than  1.65 1.9 

^  inch  and  finer 

Very  fine,  decanted  n 

Remainder 


12 


7.6 
5.0 


Anh. 

1 
Sulphur. 

Compared  with 
original  sample. 

Ash.       Sulphur. 

' 

4.50 
13. 15 
62. 70 

1.07  1 

1.84 

8.70 

3.53 

.75 

1.19 

0.8.5 
.10 
.17 

.48 
.48 

.11 

9.49 

2.27 

1 

.11 

6.43 

1.34 

TENNESSEE  NO.  6. 
[Unwashed  coal  (boiler  test  sample,  No.  3102)— H.sb,  14.86;  sulphur,  O.ho.] 


i  inch  to  jV  inch 93. 8 

Lighter  than  1.35 1  71.5 

1 .35  to  1.65 '  7.7 

Heavier  than  1 .65 '  14.0 


,\j  inch  and  finer 5. 9 

Very  fine,  decanted" 2.7 

Remainder '  3. 3 




3.42 
20. 6t 
70.99 

0.67 
1.18 
2.74 

2.45 
1.69 
9.94 

0.47 
.09 
.38 

.40 
.75 

.02 

.     2-..T5 

1.08 

.W 

15.13 

1.00 

VIRGINIA  NO.  4. 
[Unwa-shed  coal  (boiler  test  wimpIc,  No.  2533)— ash,  4.02;  sulphur.  0.45.] 


4  inch  lOg'rt  inch 

Lighter  than  1.35. 

1.35  to  1.65 

Heavier  than  1.65. 


j'o  inch  and  finer 

Very  fine,  decanted  a. 
Remainder 


92.8 

88.3 
1.3 
2.6 

1.93 
15. 91 
72. 22 

0.48 
.95 
.92 

1.70 

.20 

1.877 

0.41 
.01 
.02 

6  8 

4.6 
2.3 

'■"■i6."24" 

-^t' 

.18 
.24 

.02 
.02 

4.19 

.48 

VIRGINIA  NO.  2. 
[Unwashed  coal  (boiler-test  sample,  No.  2.557)— ash,  6.58:  sulphur,  0,83.] 


k  inch  tOaV  inch 82.6 

Lighter  tban  l.:i3 !  71.2 

1.35101.65 1  9.0 

Heavier  than  l.rh5 '  1.3 


j'o  inch  and  finer 

Very  fine,  decanted «. 
Remainder 


Washed  at  l}-inch  pize: 


Sample  No.  1. 
No.  2. 
No.  3. 


17.1 


2  74  1 


4.15 

4.02 

4.5;) 


«  Estimated  from  results  on  unwashed  coal. 


0.69 
1.35 
9.65 


12.  6 
4  6  1J.:U  1.23 


1.95 

1.49 

.78 


.82 
.67 


5.61 


0.49 
.12 
.13 


.10 
.06 
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Determinations  of  nnh  and  mlphnr  in  coal  mmples  varioush/  treated — Contiinie<1. 

WEST  VIR(tINIA  no.  13. 

[rnwa.shed  ctml  (boiler-test  sample,  No.  2058)— ash,  3.93;  sulphur,  0.%.] 


I  Portion.  I      Ash.       Sulphur. ' 


Compared  with 
original  sample. 


Ash.       Sulphur. 


i  inch  to  -4>o  inch 9:^.  t\ 

Lighter  f  han  1.36 89. 1 

1.35tol.65 2.2  ' 

Heavier  than  1.65 1  1.7 


2.41  I 
20.72  I 
70.16  I 


0.83  ! 

1.27 

2.59 


2. 15  I  0.  74 

.46  I  .03 

1.19  .(M 


^  inch  and  finer j    6.1         ' 

Very  fine,  decanted  n [  3. 6 

Remainder 2. 5  i 


1.08 


.14 
.24  , 


WEST  VIRGINIA  NO.  14. 
[Unwashed  coal  (boiler-test  sample,  No.  2052)— ash.  2.27:  sulphur,  1.07.] 


.04 
.03 


4  inch  to  A  inch i  88. 6 


Lighter  than  1.35. 

l.a5to  1.66 

Heavier  than  1  65  . 


,\,  inch  and  finer 

Very  fine,  decanted  a. 
Remainder 


84.4 
1.0 
1.0 

1.52 
14.52 
58.60 

1 

0.88  1 
2.11  1 
13.45 

i 

1.2H 
.15  1 
.59  ' 

0.74 
.02 
.13 

11.1    I. 

7.7  ;. 

I 

.17 
.24 

.ftS 

3.4  1 

7.10  1 

1.89  , 

.07 

WEST  VIRGINIA  NO.  IH. 
[Unwawhed  coal  (boiler-test  .sample,  No.  2607)— ash,  6.21;  sulphur,  0.67.] 


i  inch  to  ^  inch 91.0 


Lighter  than  1.35 

1.36  to  1.65 

Heavier  than  1.65 


^  inch  and  finer 

Very  fine,  decanted". 
Remainder 


86.0 
3.0 
1.0 


I 

1 

1.. 

,    4.8,s 

6.68 

4.20  1 

0. 59 

1    22.81  , 

.50 

.68  ! 

.02 

,    62.55  1 
1 

.57 

.«»3 

.01 

6.1  ; 

2.5  I 


7.97 


.:J8  I 
.20  I 


.04 
.02 


WYOMIN(J  NO.  2  B. 
[Unwashed  coal  (bolU'r-tcst  sample,  No.  2ir»4)— ash,  21.38;  sulphur,  4.41. 


4  inch  to  ^<,  Inch '  94. 0 

Lighter  than  1.35 1         62. 1 

1.36  to  1.66 1  21.4 

Heavier  than  1.65 i         12. 1 


^  Inch  and  finer I    5. 9 

Very  fine,  decaniod  a 3. 3 

Remainder 2. 6 


1 

10.85 
31  84  1 
64.30  1 

4.34 
3. 27 

6.48  I 

6.77 
6.  81 
7.78 

2.  70 
.70 

.78 

.15 
.11 


rt  Estimated  from  results  oti  unwa-shiKl  coal. 
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f>etf'r)ninatlons  of  null  antl  anlphitr  In  roal  HaiupJrs  rnrlou»hf  treatrd — Continiie<l. 

SPEf'IAL  TEST  ON  UEFFSE  FROM  A  \VASHIN<J. 

roriKinal  n'fus«'~nsli.  I7.f>(>;  snli»hur.  1.71.] 


'  l*<>rtioii.        A.»'h.       Sulphur. 


Compared  with 
oiigrinal  sample. 


I 


Ash.     '  Sulphur. 


J  inch  to  :^  IncJi R.\  2 

Lighter  than  !.:« '         15. 0 

1.35  to  1.65 17.7 

Heavier  than  l.(>"> |         51. 4 


12.23 

0.88 

1.83  , 

0.13 

28. 13 

.76 

4.98 

.13 

«4.88 

1.79 

33.35 

.92 

^  inch  and  finer 14.5 

Verj' fine,  decanted  a 3.0 1.43  .0^ 

Remainder I  ll.rt  i        ;«.27  1.48  3.83  .17 


45.42  1.40 


_  ^^^        I [  l_     _       _ 

*i  Estimated  from  results  on  orijjrinal  refuse. 

VOLATILE    MATTER    IN    COALS   AND   LIGNITES.^ 

The  official  method  of  determiiiinii^  volatile  matter,  recommended 
by  the  committee  on  coal  analysis  appointed  by  the  American  Chem- 
ical Societ\%  is  as  follows: 

Place  1  gram  of  fresh,  undried,  powdered  coal  in  a  platinum  crucible  weighing  20 
or  30  grams  and  having  a  tightly  fitting  cover.  Heat  over  the  full  flame  of  a  Bunsen 
burner  for  seven  minutes.  The  crucible  should  besup|k)rted  on  a  platinum  triangle, 
with  the  bottom  (5  to  8  centimeters  above  the  top  of  the  burner.  The  flame  should 
be  fully  20  centimeters  high  when  burning  free,  and  the  determination  should  be 
made  in  a  place  free  from  draughts.  The  upper  surface  of  the  cover  should  bum 
clear,  but  the  under  surface  should  remain  covered  with  carbon.  To  find  "volatile 
combustible  matter,"  substract  the  i>er  c«nt  of  moisture  from  the  loss  found  here. 

This  method  has  been  used  regularly  in  the  volatile  determinations 
made  in  the  laborator}^  the  onl}'  modification  being  that  the  flame  is 
protected  from  air  currents  by  inclosing  the  apparatus  in  a  cylindrical 
asbestos  shield  15  centimeters  long  and  7  centimeters  in  diameter,  the 
platinum  triangle  being  located  3  centimeters  below  the  top  of  the 
shield.  The  use  of  the  shield  gives  more  uniformity  in  the  heat 
treatment,  with  a  corresponding  greater  uniformity  of  results. 

In  most  coals  the  routine  results  obtained  in  the  laboi-atory  have 
checked  to  within  less  than  0.3  or  0.4  per  cent;  occasionally  a  sample 
has  given  trouble,  and  the  variation  between  duplicates,  without  any 
apparent  reason,  was  as  great  as  1  per  cent.  On  some  lignites  it  has 
been  found  impossible  to  obtain  close  duplicates,  and  on  a  few  samples 
the  official  method  gives  very  inaccurate  determinations — as  may  be 
shown  b\"  the  following  results  obtained  in  the  laboratory  upon  two 
different  samples,  Nos.  2734  and  2764,  of  Texas  No.  3  lignite,  which 
differed  only  in  the  amount  of  moisture  remaining  in  the  air-dried 
sample,  and  perhaps  in  the  fineness  of  grinding: 

aBy  permis-sion  of  Dr.  J.  A.  Holmes,  in  charge,  and  the  director  of  ihe  labonitory,  the  results  of 
investigation  of  the  volatile  matter  was  published  by  Prof.  E.  E.  Somermeier  a«<  a  paper  in  the 
'ml  of  the  American  Chemical  Society,  Augn.st,  1906. 
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Ijfihorutortf  analyses  on  samples  i^S4  and  J764  of  Texas  \o.  S  lojiiite. 


.Sample.". 


Coii.stilunit.  2734. 

1. 

Moisture '  9.88 

Volutile  matter 36. 17 

Fixed  carbon 43. 65 

Ash 10.30 

Sulphur 1. 30 


2764. 

2.  3. 

20.24  '  20.24 

58. 48  35. 42 

10.85  33.91 

10.43  I  10.43 

1.03  1.03 


Thin  great  difference  in  the  fixed-carbon  results  shown  in  columns  1 
and  2  could  not  be  accidental,  as  all  of  the  determinations  on  both 
samples  were  duplicated.  A  series  of  determinations  was  begun,  to 
learn,  if  possible,  the  cause  of  this  great  variation.  The  two  follow- 
ing causes  were  suspected,  both  of  w^hich  were  found  to  be  partly 
responsible  for  the  difference:  (1)  Mechanical  loss  due  to  the  throwing 
out  of  solid  particles  by  the  too  rapid  expulsion  of  the  volatile  matter. 
The  possibility  of  loss  from  this  source  is  mentioned  in  the  report  of 
the  committee  of  the  American  Chemical  Society,  but  the  results  of 
their  experiments  are  negative.  (2)  A  different  breaking  down  of  the 
hydrocarbon  compounds  when  expelled  under  different  conditions  and 
in  the  presence  of  variable  amounts  of  moisture. 

The  results  of  Mr.  N.  M.  Austin's  preliminary  treatment  of  tne 
sample  with  a  low  heat  and  then  with  the  application  of  the  full  flame 
of  the  Bunsen  burner  gives  higher  results  in  fixed  carbon  than  where 
the  full  flame  of  the  Bunsen  burner  is  applied  from  the  beginning. 
The  proximate  analysis  of  sample  2764,  giving  the  unusual  results, 
which  was  finally  reported  by  the  laboratory,  is  shown  in  column  3. 

A  series  of  seven  results  b}^  the  official  method  gave  for  volatile 
matter  on  this  sample  an  average  of  02.5  per  cent,  with  a  variation 
between  high  and  low  results  of  over  12  per  cent.  Three  results  of 
volatile  matter  on  this  sample  made  after  previous  expulsion  of  the 
moisture  at  105^  C.  gave  average  volatile  matter  39.6  per  cent,  with  a 
variation  between  high  and  low  results  of  5.9  per  cent.  Preliminary 
treatment  by  driving  off  the  moisture  and  most  of  the  volatile  matter 
at  a  low  he4it  was  then  tried,  the  flame  of  the  Bunsen  burner  being 
turned  down  to  10  centimeters  and  the  crucible  gradually  heated.  The 
application  of  the  heat  was  regulated  by  holding  the  burner  in  the 
hand  and  heating  in  such  a  way  as  to  expel  the  moisture  slowly  and 
gradually  smoke  off  most  of  the  volatile  matter,  the  volatile  matter 
escaping  freely  enough  during  the  last  minute  of  this  preliminary 
heating  to  burn  with  a  small  flame  around  the  edge  of  the  crucible 
cover.  Two  results  with  five  minutes  of  preliminary  heating  and  then 
seven  minutes  over  the  full  flame  of  the  Bunsen  burner  gave  an 
average  in  volatile  matter  of  35.08  per  cent,  the  variation  between  the 
two  results  l)eing0.23  per  cent.     Two  results  with  three  minutes'  pre- 
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liminary  heating  and  seven  minutes  over  the  full  flame  of  the  Bunsen 
burner  gave  an  average  of  35.  ♦>  per  cent,  with  a  variation  of  0.75  per 
cent  between  results.  A  result  obtained  by  four  minutes  of  prelimi- 
nary heating  and  then  seven  minutes  over  the  full  flame  gave  35.42 
per  cent.  The  difference  in  results  obtained  by  the  three-,  four-,  and 
five-minute  preliminary  treatment  is  small,  and  in  all  subsequent 
experimental  tests  the  time  of  the  preliminarv  heating  was  four 
minutes.  To  determine  the  mechanical  losses  and  difference  in  vola- 
tile compounds  given  off,  a  number  of  ash  determinations  were  made 
after  the  driving  off  of  the  volatile  matter  by  the  official  method  and 
after  driving  off  the  volatile  matter  in  connection  with  the  prelimi- 
nary heating.  The  results  of  volatile  matter  and  ash  on  three  deter- 
minations by  the  official  method  and  on  two  determinations  by  the 
modified  method  of  four  minutes  of  preliminary  heating  and  then 
seven  miimt(»s  over  the  full  flame  are  as  follows: 

helernihuilvmif  <>/'  volatile  nnUfer  hy  two  •mfthnh. 


\        ..mcl.lme,ho<,.        I       Modifl^^ 
( on.Htituent. _      


1.  2.  3. 


Vdlatile  muttrr <kJ.  7-'  '    H7.  47       M.  82 

A.sh 4.30         4.:«      «7.26 


36.  W         :W.65 
11.16         11.15 


"This  ri'siilt  is  possibly  explained  by  the  fact  that  tluK  Hample  stood  for  two  hours  in  the  crucible 
after  weighing  out,  and  a  considerable  amount  of  the  moisture  content  may  have  escaped  before  the 
sample  was  treated  for  the  determination  of  the  volatile  matter. 

That  mechanical  losses  occurred  during  the  ntpid  evolution  of  the 
volatile  matter  by  the  official  method  was  also  indicated  by  the  shower 
of  solid  carbon  particles  driven  off  as  sparks  during  the  first  few  min- 
utes, while  with  the  preliminary  heating  these  sparks  were  nearly  or 
entirely  absent.  The  average  volatile  matter  on  the  first  two  deter- 
minations was  67.1  per  cent,  the  average  ash  4.34  per  cent.  The  aver- 
age volatile  matter  on  the  two  results  by  the  modified  method  was 
3(>.35  per  cent,  ash  11.15  per  cent.  The  moisture  in  the  sample  deter- 
mined at  this  time  was  19.78,  giving  fixed  carbon  32.72  per  cent.  The 
difference  in  the  ash  results  on  the  two  pairs  is  6.81  per  cent,  or  the 
part  of  the  ash  driven  off  mechanical^  by  the  regularmethodis6.81-T- 
11.15,  or  61  per  cent.  Taking  this  portion  of  the  fixed-carbon  result 
by  the  modified  method  gives  2()  per  cent  as  the  amount  of  fixed  car- 
bon expelled  mechanically  in  the  first  determinations.  The  results  by 
the  official  method  after  making  this  correction,  and  also  after  taking 
the  correct  ash  value,  are  shown  in  column  1  of  the  table  below. 

After  making  this  correction  for  mechanical  losses  the  difference 
in  the  fixed  carbon  by  the  two  processes  is  still  10.75  per  cent,  which 
difference  must  be  due  to  the  difference  in  the  breaking  down  of  the 
hvdrocarbon  compounds  by  the  different  heat  treatment.     The  ash 
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from  the  third  result  by  the  oflBcial  method  was  7.25  per  cent,  or  the 
loss  of  ash  3.9  per  cent.  (k>rrection  for  fixed  xjarbon  mechanically 
carried  off  is  accordingly  3.9-4-11.15,  or  35  per  cent. '  This  portion  of 
the  fixed  carbon  as  shown  by  the  modified  method  gives  11.4  per  cent 
as  the  amount  of  fixed  carbon  expelled  mechanicall3\  The  result, 
after  making  the  fixed-carbon  and  ash  corrections,  is  shown  in  column 
2  of  the  following  table: 

Corrected  deJemiimUiotis  by  the  official  method. 


I  Corrected  resultiJ. 
Constituent.  , 

j         ].         '        2. 

Moisture 19. 78  i         19. 78 

Volatile  matter 47. 10  \         43. 42 

Fixed  carbon i  21  97  25.  r>5 

A«h 11.15  11.15 

100.00  100.00 

The  difference  in  this  case  in  fixed  carbon,  due  to  the  different  heat 
treatment,  is  7.07  per  cent. 

This  particular  sample  was  very  finely  ground.  To  find  out  how 
much  the  difference  in  result  was  due  to  the  fineness  of  grinding  a 
duplicate  portion  of  the  same  sample  was  ground  down  till  it  passed  a 
40-mesh  sieve.  The  results  of  duplicates  by  the  official  method  and 
by  the  modified  method  are  shown  in  the  next  table.  The  proximate 
analysis  of  the  first  sample  by  the  modified  method  is  shown  in  column 
2.  The  correction  for  fixed  carbon  to  be  applied  to  the  result  of  the 
official  method  is  0.95-T-11.20,  or  8.5  per  cent  of  the  fixed-carbon 
result  of  the  modified  method,  which  is  2.9  per  cent.  The  results  by 
the  official  method,  after  correcting  for  mechanical  loss  of  fixed  carbon 
and  ash,  arc  shown  in  column  1.  The  difference  in  fixed  carbon  be- 
tween the  two  methods,  due  to  different  heat  treatment,  is  3.45  per 
cent.  These  rest  show,  at  least  for  lignites,  that  the  fineness  of  the 
sample  has  an  important  effect.  Upon  a  second  sample  of  lignite, 
similar  to  the  first  except  that  it  contained  more  moisture  (30.45  per 
cent),  the  average  results  by  the  modified  process  are  as  tabulated  in 
column  4.  A  comparison  of  the  results  in  volatile  matter  and  ash  b\^ 
the  official  method  shows  that  the  correction  to  be  applied  to  the  fixed 
carbon  and  ash  for  mechanical  loss  is  2. 71 -^  10. 83.  These  corrections, 
as  applied  to  the  results  obtained  by  the  official  method,  are  shown  in 
column  3. 
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Determinations  on  sample  ground  to  pass  a  40-mesh  smie. 


Constituent. 


Volatile  matter 

Ash 

Loss  in  ash 

Proximate  analysis; 

Moisture 

Volatile  matter . 
Fixed  carbon  ... 
Ash 


First  sample. 

Second  sample. 

Official 
method. 

Modified 
method. 

Official 
method. 

Modified 
method. 

1. 

2. 

3. 
44.40 

4. 

42.07 

10.25 

.95 

35.72 
11.20 

30.97 

8.12            10.83 

2.71 

a  19. 35 
a  39. 17 
a30.28 
all. 20 

19.35 
35.  ?2 

33.  ra 

11.20 

U30.45            30.45 

a  37. 43            30.97 

a21.29            27.75 

a  10. 83            10. 83 

100.00 

100.00 

100.00          100.00 

1 

"After  correcting  for  mechanical  loss  of  fixed  carbon  and  ash,  the  difference  in  the  fixe<l-carbon 
results  between  the  two  samples,  due  to  different  heat  treatment,  is  6.46  per  cent. 

To  test  the  effect  of  the  fineness  of  grinding  upon  the  determination 
of  the  volatile  matter  in  ordinary  bituminous  coal,  a  sample  of  coal, 
Kentucky  No.  1  C,  containing  2  per  cent  moisture,  5.7  per  cent  ash, 
and  0.9  per  cent  sulphur,  was  still  further  reduced  in  ash  content  by 
floating  on  a  calcium-chloride  solution  of  1.32  specific  gravity.  The 
lighter  portion  was  then  thoroughly  air  dried  and  separated  by  sifting 
into  five  sizes,  and  proximate  analyses  of  the  parts  were  made  by  the 
official  method,  with  the  following  results: 

Determinations  for  volatile  matter  on  Kentucky  No,  1 C  coal. 


Constituent. 


Sizes  of  separation  by  sifting. 

J  to  A 

1 

i^to^ 

A  to  A 

AtoA 

A  and 
finer. 

1 

1.15 

39.05 

58.20 

1.60 

38.80 

58.55 

1.20 

1.70 
38.55 
58.35 

1.40 

1.90 
38.05 
58.40 

1.65 

2.05 

35.54 

59.66 

2.75 

Moisture 

Volatile  matter. 
Fixed  carbon... 
Ash 


By  the  modified  process  with  four  minutes  of  preliminary  heating 
the  result  in  volatile  matter  on  the  "g'o  to  j^^"  size  was  33.75  per  cent 
and  on  the  ""g^o  and  finer,"  32.85  per  cent. 

The  results  in  volatile  matter  on  these  different  sizes  are  somewhat 
higher  on  the  coarse  samples.  However,  the  different  ash  contents  of 
the  different  sizes  indicate  that  the  sizing  had  to  a  degree  separated 
the  coal  into  somewhat  different  varieties,  as  the  higher  ash  content 
of  the  finer  sample  would  not  in  itself  be  sufficient  to  account  for  the 
lower  volatile  results.  In  order  to  see  whether  the  difference  was  due 
to  the  fineness  of  grinding  or  difference  in  the  coals,  a  portion  of  the 
'%^o  to  4^0 "  sample  was  ground  down  in  an  agate  mortar  and  the  volatile 
matter  determined  on  this  fine  portion.  The  average  of  several  results 
was  37.6  per  cent,  as  against  38.55  per  cent  on  the  coarse  sample. 

From  this  series  of  results  it  appears,  at  least  in  low-moisture  bitu- 
niiiiousj  coals,  that   the  finer  ground  samples  give  somewhat   lower 
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volatile  matter  than  the  coarser  samples,  probably  due  to  the  more 
complete  sintering  together  of  the  fine  samples  upon  heating,  with 
the  consequent  effect  upon  the  giving  off  of  the  volatile  matter. 

In  order  to  find  out  how  much  effect  different  heat  treatment  has  on 
different  fuels,  a  series  of  samples  was  selected  ranging  from  anthra- 
cite to  peat,  most  of  the  samples  used  in  the  tests  having  been  pre- 
viously more  or  less  completely  air  dried  so  as  to  permit  of  better 
handling  in  the  laboratory.  Determinations  for  volatile  matter  were 
made  in  duplicate  by  the  regular  official  method  and  by  the  modified 
method  with  four  minutes'  preliminary  heating.  The  proximate 
analyses  of  the  samples  with  the  volatile  matter  determined  by  the 
oflScial  method  are  shown  in  columns  1  to  5  of  the  next  table;  the 
results  for  volatile  matter  by  the  preliminary  heating  are  given  in 
column  6;  and  the  differences  in  volatile  matter  by  the  two  methods 
are  given  in  column  7.  The  determinations  for  moisture  were  all 
made  in  accordance  with  the  oflScial  method,  by  weighing  out  a  sepa- 
rate sample.  The  same  is  true  of  the  detenninations  for  ash,  with  the 
exception  that  upon  two  or  three  of  the  lignite  samples  and  one  of  the 
Pennsylvania  samples  the  results  for  ash  are  those  obtained  after  the 
determination  of  the  volatile  matter  by  the  modified  process.  These 
particular  .samples  and  results  aie  all  specifically  mentioned  elsewhere 
(p.  42). 

Effect  of  different  heat  treatment  on  deter minatum  of  volatile  matter. 


Pmximate  analysis  (official  method). 


Fuel  treated. 


Moisture. 


Colorado  anthracite 

Arkansas 

Pennsylvania 

Do 

Kentucky 

Indiana 

Washington 

Indiana , 

North  Dakota  lignite 

Ullnols 

Texas  lignite  (fine) 

Texas  lignite  (40-mesh  dupli- 
cate)   

Texas  lignite  (not  air  dried ) . 
Massachusetts  peat 


2.80 
.83 
.90  [ 
1.05  I 
'2.99 
4.20 
6.65 
8.40  1 
11.65 
12.40  ' 
19.78 

19.35  ' 
30.45  I 
13.25 


VolrttiK* 

lUHlttT. 


5.05 
12.47 
17.35 

:«.io 

37. 51 
37.70 
35.87 
34.40 
45.68 
82.18 
62. 50 

42.07 
44.40 
49.80 


i  Volatile  | 
matter 


Dif- 


*^*^^'*^  \».h         Qnlnhiir    (m<><»«fi<'<l   feronre. 

carbim.        •^^"-       '^"'P""'-   method.) 


77.55 
72.05 
74.92 
5.3.30 
56.68 
45.65 
14.57 
48.72 
32.97 
42. 82 
6.57 


27. 38 
16.42 
16.21 


4. 

5. 

6. 

'• 

14.60 

0.60 

4.90 

0. 15 

14.65 

2.14 

12.37 

.10 

6.83 

.97 

16.07 

1.28 

12.  .55 

1.76 

30.  as 

2. 75 

2.82 

.58 

34. 78 

2.73 

12.45 

4.13 

34.67 

3.03 

12.91 

.68 

34.25 

1.62 

8.48 

1.47 

32.00 

2.40 

9.80 

1.04 

40.17 

5.41 

12.60 

1.30 

30.12 

2.06 

11.15 

1.03 

«35.42 

27.08 

11. '20 

35.72 

6.35 

9.73 

30.97 
47.92 

13.43 

20.74 

.58 

1.88 

a  Two  determinations  upon  the  fine  i<ample  of  Texas  lignite  made  by  heating  for  four  minutes  over 
a  flame  5  centimeters  high  and  then  seven  minutes  over  the  full  flame  (25  cm.)  gave  35.47  per  cent 
volatile  matter — almost  an  e.\act  check  upon  the  result  obtained  by  the  four-minute  preliminary 
heating  with  a  lOKsentimeler  flame  regulated  by  holding  burner  m  the  hand. 

With  the  exception  of  the  anthracite  and  semianthmcite  samples, 
the  results  by  the  preliminary  heating,  as  compared  with  those  by  the 
ofiScial  method,  all  show  a  considerably  less  amount  of  volatile  matter 
and  a  correspondingly  greater  amount  of  fixed  carbon.  In  the  case 
of  the  lignites,  the  greater  volatile  matter  by  the  oflScial  method,  as 
has  been  shown,  is  partly  due  to  mechanical  losses. 
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In  order  to  see  if  mechanical  losses  niii^ht  account  for  the  differences 
on  the  bituminous  coals,  determinations  for  the  ash  after  the  determi- 
nation of  the  volatile  matter  were  made  on  one  of  the  Pennsylvania 
samples.  The  average  results  for  ash  on  the  samples  by  the  two 
methods  are:  Official  method,  12.56;  preliminary  heating,  12.53. 
These  results  indicate  no  mechanical  loss  whatever,  and  in  none  of  the 
samples  except  the  lignites  were  visible  solid  carbon  particles  driven 
off  in  the  form  of  sparks,  and  the  differences  must  be  ascribed  to  the 
different  breaking  down  of  the  hydrocarbon  compounds  by  the  differ- 
ence in  heat  treatment. 

Ck)mparisons  of  the  results  of  volatile  matter  on  a  great  number  of 
samples  differing  from  one  another  in  moisture  content  indicate  that 
the  presence  of  loosely  held  moisture  in  the  sample  causes  a  higher 
volatile  result.  In  order  to  obtain  more  definite  data  on  this  question, 
three  samples  low  in  moisture  and  representing  widely  different  kinds 
of  coal  were  selected  for  a  series  of  determinations.  The  effect  of 
loosely  held  moisture  upon  the  determinations  for  volatile  matter  in 
each  of  these  samples  was  determined  by  adding  definite  amounts  of 
water  to  the  sample  after  weighing  out.  The  water  was  thoroughly 
mixed  with  the  sample  by  means  of  a  fine  platinum  wire  and  the  vola- 
tile determination  then  made  in  the  usual  manner  according  to  the 
official  method.  The  first  sample  selected  was  a  sample  of  Pennsyl- 
vania coal.  The  proximate  analysis  of  the  air-dried  sample  and  the 
results  for  volatile  matter  determined  in  the  presence  of  additional 
moisture  are  shown  in  the  next  table.  Air-dried  samples  of  Illinois 
coal  and  Arkansas  lignite  were  treated  in  the  same  way,  with  the  results 
also* shown  in  the  table. 

DeterininntionK  of  rofatile  matter  (prrrpntafjes)  nhov^ing  effect  of  loosehj  held  moisture. 


froxiinnte  aimly»*iM  (ofticial 
inethfMl  j. 


Volatile -matter  detertni  nations  in  the 
presence  of  state«l  amounts  of  added 
moisture. 


Fuel  treated.  j  y^,]^. 

M(tis- j    tile 

ture.      mat- 

'    ler. 

Pennsylvania  coal l.O-^     IW.OO 

Illinois  eoal 2.  :i'>     :i9.:i5 

vVrkansas  lignite 10.  h.')     'Sx.'-O 


Fixed' 
ear-  I 
bon.  ' 


Sul- 


0.03       0.05 


phur.  gram. '  gnim 


I    0.1 
pram 


1.75 


n;?.30     12.5.5 

4l.r^')  I  13.65  I 

31.40  '  19.25       .m 


'33.60     33.70 

j  39. »)     40.00 

40.35     41.20 


0.15 
gram. 


33.80 
40.05 
40.90 


0.2 
gnim 


34.10 
39. 75 
44.90 


0.3 
gram. 


Without  exception  these  results  show  that  the  presence  of  loosely 
held  moisture  in  the  sample  increases  the  value  obtained  for  the  vola- 
tile combustible  matter.  The  average  increase  for  the  Pennsylvania 
sample  is  about  0.7  per  cent.  On  the  Illinois  sample  the  increase  for 
volatile  matter  is  0.4  per  cent.  On  the  Arkansas  lignite  the  increase 
IS  8.3  per  cent. 

To  see  what  effect  this  loo.sely  held  moisture  might  have  on  the  vola- 
tile  determinations   where   the   sample  was   first  subjected   to   four 
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minutes'  preliminarj  heating  over  a  low  flame,  determinations  were 
made  upon  these  samples  with  and  without  additional  moisture,  with 
the  following  results: 

Deienmnnfiona  of  rttintile  matter  (percentafjes)  after  four  minnteR^  preliminnrt/  heating ^ 
shoinng  effect  of  looi<elij  held  inolsttire. 


Volatile -matter  determinationH  (by 
modified  method)  in  the  presenee  <>f 
stated  amounts  of  adde<l  moisiure. 


Fuel  treated. 


No  mois- 
I      ture 
I  added. 


0.15  0.2  0.3 

gram.    ,    gram.    |    gram. 


Pennsylvania  eoal :«). 35  i . 

IllinoiH  coal 34.  H5 

Arkansas  lignite 3«i.  90   . 


These  results  show  that  even  with  a  gradual  preliminary  heating 
the  presence  of  loosely  held  moisture  increases  the  value  of  the  vola- 
tile determinations,  the  difference  in  some  of  the  samples  being  as 
great  as  the  difference  by  the  official  method;  from  which  it  appears 
that  the  rapid  application  of  heat  sufficient  to  drive  off  this  moisture 
results  in  a  rea(*tion  between  the  water  vapor  and  the  carbon  or  hydro- 
carbons in  the  coal. 

The  results  of  the  foregoing  experiments  and  tests  show  that  the 
value  obtained  for  volatile  matter  in  coal  is  affected  to  an  important 
degree:  (1)  By  the  method  of  heating  the  sample,  (2)  by  the  fineness 
of  pulverization,  and  (8)  by  the  amount  of  loosely  held  moisture 
present.  In  bituminous  coals  these  differences  do  not  exceed  3  or  4 
per  cent,  and  appear  to  be  entirely  due  to  a  different  breaking  up  of 
the  hydrocarbon  compounds  under  the  different  conditions  of  heat 
treatment,  fineness  of  sample,  and  amount  of  moisture  present.  In 
the  case  of  lignites,  where  the  difference  may  be  as  high  as  25  per 
cent,  this  difference  is  largely  due  to  the  mechanical  loss  in  the  sample 
during  the  nipid  expulsion  of  the  volatile  matter. 

In  the  routine  work  of  the  laboratory  in  making  the  determinations 
of  volatile  matter  the  official  method  is  at  present  used  for  ordinary 
bituminous  coals,  while  lignites  or  other  coals  with  more  than  10  per 
cent  moisture  are  heated  for  four  minutes  at  a  low  temperature  and 
then  for  seven  minutes  over  the  full  flame  of  the  Bunsen  burner. 
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PREFACE. 


By  Joseph  A.  Holmes. 


Immediately  after  the  San  Francisco  earthquake  and  fire  of  April 
18,  1900,  it  was  decided  to  arrange  for  an  investigation  of  their  effects 
on  buildings  and  materials  of  construction.  Accordingly,  on  April 
19  Richard  L.  Humphrey  was  sent  to  San  fYancisco  for  this  pur- 
pose, as  secretary  of  the  National  Advisory  Board  on  Fuels  and  Struc- 
tural Materials  and  representing  the  structural  materials  division 
of  the  United  States  Geological  Survey.  At  the  request  of  the  Presi- 
dent, Capt.  John  Stephen  Sewell,  Corps  of  Engineers,  United  Scates 
Army,  was  sent  to  San  Francisco  on  a  similar  errand  by  the  War  De- 
partment under  order  of  April  23,  1906.  Frank  Soule,  dean  of  the 
college  of  civil  engineering  of  the  University  of  California,  was  asked 
late  in  the  fall  of  1906  to  prepare  a  report  on  the  general  earthquake 
and  fire  conditions.  G.  K.  Gilbert,  of  the  United  States  Geological 
Survey,  also  a  member  of  the  California  earthquake  investigation 
commission,  who  was  near  San  Francisco  at  the  time  of  the  disaster, 
was  asked  to  prepare  a  brief  special  report  on  the  phenomena  of  the 
earth<|uake. 

Mr.  Gilbert  has  brought  into  his  paoer  only  the  salient  features 
and  results  of  the  earthquake,  for  the  reason  that  the  subject  is  being 
treated  more  fully  in  the  report  of  the  California  earthquake  inves- 
tigation commission. 

Mr.  Humphrey,  who  during  the  last  two  years  has  had  charge  of 
the  structural  materials  laboratories  of  the  United  States  Geological 
Survey,  has  had  many  years'  experience  in  the  investigation  of  struc- 
tural materials,  especially  with  regard  to  their  fire-resisting  qualities. 

Before  going  to  San  Francisco  Captain  Sewell  had  studied  care- 
fully the  effects  of  fire  on  buildings  and  materials,  especially  as  indi- 
cated by  the  results  of  the  conflagration  at  Baltimore  in  1904. 

Professor  Soule  has  had  the  advantage  not  only  of  a  large  experi- 
ence, but  also  of  being  thorouglily  familiar  with  the  conditions  in 
San  Francisco  prior  to  the  earth(]uake  and  fire,  and  of  being  on  the 
ground  during  their  occurrence.  He  has  had  subsequently  every 
opportunity  for  studying,  at  first  hand  and  in  great  detail,  the  effects 
of  both  the  earthquake  and  the  fire. 
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XII  PREFACE. 

The  investigations  of  these  three  engineers  were  conducted  inde- 
pendently, and  their  reports  have  been  prepared  without  collabora- 
tion. Under  these  circumstances  there  are  necessarily  some  differ- 
ences of  opinion  as  to  matters  of  detail,  but  as  to  the  more  important 
features  the  writers  are  in  hearty  accord.  About  four  hundred  illus- 
trations were  submitted  with  the  original  reports;  many  of  these  do 
not  appear  with  the  printed  reports  because  their  use  would  have 
involved  duplication,  but  wherever  a  view  given  by  one  author  was 
rejected  because  of  its  similarity  to  a  view  by  another  author  show- 
ing the  same  engineering  features,  a  reference  to  the  accepted  view 
has  been  inserted.  The  legend  appended  to  each  illustration  indi- 
cates whether  the  original  view  was  actually  taken  by  the  author  or 
was  procured  from  another  source. 

Persons  interested  in  this  subject  are  advised  not  only  to  read  each 
of  these  papers,  but  also  to  consult  a  number  of  other  important 
papers  on  this  subject  which  have  appeared  in  the  different  technical 
journals  and  the  proceedings  of  technical  societies  during  the  last 
several  months.     (See  list  at  end  of  bulletin,  pp.  159-161.) 
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THE  SAN  FRANCISCO  EARTHQUAKE  AND  FIRE  OF  APRIL 
18,  1906,  AND  THEIR  EFFECTS  ON  STRUCTURES  AND 
STRUCTURAL  MATERIALS. 


By  G.  K.  Gilbert,  R.  L.  Humphrey,  J.  S.  Sewell,  and  Frank  Soule. 


THE  EARTHQUAKE  AS  A  NATURAL  PHENOMENON. 


By  G.  K.  Gilbert. 


INTRODUCTION. 

The  investigations  to  which  the  San  Francisco  earthquake  has 
given  rise  are  of  two  classes — the  study  of  the  natural  phenomena 
constituting  or  associated  with  the  earthquake,  and  the  study  of  the 
relations  of  the  San  Francisco  earthquake  and  future  earthquakes  to 
human  activities. 

The  principal  studies  of  the  earthquake  as  a  natural  phenomenon 
are  under  the  direction  of  the  California  earthquake  investigation 
commission,  which  was  appointed  by  the  governor  of  the  State 
three  days  after  the  occurrence  of  the  shock.  The  human  or  economic 
aspects  of  the  subject  have  been  studied  chiefly  by  engineers  and 
architects,  of  whom  a  number  have  acted  in  private  capacity,  while 
others  have  acted  as  the  representatives  of  governmental  or  private 
organizations.  In  many  of  the  architectural  studies  the  earthquake 
and  fire  have  been  considered  together,  as  the  destructive  effects  of 
these  two  sources  of  danger  were  closely  associated  in  the  San 
Francisco  disaster. 

This  volume  is  devoted  to  certain  economic  aspects  of  the  subject, 
and  the  present  chapter  on  natural  phenomena  of  the  earthquake 
selects  those  features  which  seem  contributory  to  an  understanding 
of  the  papers  which  follow.  A  fuller  account  of  the  earthquake 
may  be  found  in  the  preliminary  report  of  the  State  commission 
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2  THE    SAN    FRANCISCO    EARTHQUAKE    AND    FIRE. 

above  referred  to;  and  a  monographic  report  is  to  be  expected  when 
the  labors  of  this  commission  shall  have  been  completed.* 

An  earthquake  is  a  jar  occasioned  by  some  violent  rupture.  Some- 
times the  ruptfire  results  from  an  explosion,  but  more  commonly 
from  the- sudden  breaking  of  rock  under  strain.  The  strain  may  be 
caused  by  -the  rising  of  lava  in  a  volcano  or  by  the  forces  that  make 
mountain  ranges  and  continents.  The  San  Francisco  earthquake  of 
April  18,  1900,  had  its  origin  in  a  rupture  associated  with  mountain- 
making  forces.  A  rupture  of  this  sort  may  be  a  mere  pulling  apart 
of  the  rocks  so  as  to  make  a  crack,  but  examples  of  that  simple  type 
are  comparatively  rare.  The  great  majority  of  ruptures  include  not 
only  the  making  of  a  crack  but  the  relative  movement  or  sliding  of 
the  rock  masses  on  the  two  sides  of  the  crack ;  that  is  to  say,  instead 
of  a  mere  fracture  there  is  a  geologic  fault.  Aft^r  a  fault  has  been 
made  its  walls  slowly  become  cemented  or  welded  together;  but  for 
a  long  time  it  remains  a  plane  of  weakness,  so  that  subsequent  strains 
are  apt  to  be  relieved  by  renewed  slipping  on  the  same  plane  of 
rupture,  and  hundreds  of  earthquakes  may  thus  originate  in  the 
same  place. 

A  faulting  may  occur  far  beneath  the  surface  and  be  known  only 
through  the  resulting  earthquake;  but  some  of  the  quake-causing 
rupturefs  extend  to  the  surface,  and  thus  become  visible.  The  New 
Madrid  and  Charleston  earthquakes  are  examples  of  those  having 
deep-seated  origins;  the  shocks  at  Inyo  and  San  Francisco,  of  those 
whose  causative  faults  reached  the  surface  of  the  ground. 

The  San  Francisco  earthquake  had  its  origin,  wholly  or  chiefly,  in 
a  new  slipping  on  the  plane  of  an  old  fault.  The  trend  of  the  fault 
is  northwest  and  southeast,  and  it  is  known  through  a  distance  of.  sev- 
eral hundred  miles.  Visible  evidence  of  fresh  slipping — a  surface 
trace,  to  be  described  presently — does  not  appear  through  its  whole 
extent,  but  has  been  traced  from  San  Juan  at  the  south  to  Point 
Arena  at  the  north  (fig.  1),  a  distance  of  about  180  miles.  Because 
the  earthquake  was  severe  in  Priest  Valley,  (JO  miles  southeast  of  San 
Juan,  it  is  thought  that  subterranean  slipping  on  the  old  fault  plane 
extended  beyond  San  Juan.  At  Point  Arena  the  visible  fault  trace 
passes  under  the  ocean,  and  the  line  of  its  trend  does  not  again  touch 
the  coast,  so  that  its  northwestern  course  and  extent  are  in  doubt. 
A  fault  trace  which  appears  at  Point  Delgada,  75  miles  to  the  north, 
may  be  part  of  its  continuation  or  may  represent  a  separate  fracture. 
In  a  general  way  the  intensity  of  the  shock  was  greatest  near  the 

<*  The  California  earthquake  Investigation  commission  is  composed  of  Andrew  C. 
Lawson  (chairman),  A.  O.  Leuschner  (secretary),  G.  K.  Gilbert,  II.  F.  Reid,  J.  C.  Branner, 
George  Davidson,  Charles  Burkhalter,  and  W.  W.  Campbell.  Its  work  Is  organized  under 
three  committees — a  committee  on  isoseismals,  A.  C.  Lawson,  chairman ;  a  committee  on 
coseismals,  A.  O.  Leuschner,  chairman,  and  a  committee  on  the  geophysics  of  the  earth- 
quake, H.  F.  Reid,  chairman. 
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fault  trace  and  dimiuislied  with  distance  therefrom ;  but  to  this  rule 
there   are   important  exceptions,   and   it  has   been   noted   especially 
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Fig.  1. — Map  of  the  fault  trace.     Broken  lines  indicate  alternative  hypotheses  as  to  its 
extension  north  of  Point  Arena. 

that  an   area   of  high   intensity  coincided   approximately  with   the 
Santa  Rosa  Valley,  which  trends  noilhwestward,  parallel  to  the  main 
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fault.  As  the  ridges  of  the  neighboring  Coast  Range  have  the  same 
northwesterly  trend,  it  is  thought  probable  that  a  subterranean  slip- 
ping here  occurred  on  a  fault  associated  with  the  valley.  In  that 
case  the  geologic  event  causing  the  earthquake  included  coincident 
or  nearly  coincident  yielding  on  more  than  one  fault  plane  of  the 
Coast  Range  system,  and  various  other  peculiarities  in  the  distribu- 
tion of  intensity  may  be  ascribed  to  local  faulting. 

The  region  of  high  intensity,  to  which  most  of  the  destruction  was 
limited,  is  a  belt  20  to  40  miles  wide,  extending  from  the  mouth  of 
Eel  River  at  the  northwest  to  Priest  Valley  at  the  southeast  (fig.  1). 
This  belt  includes  the  surface  expression  of  the  principal  fault — a 
feature  distinctively  known  as  the  fault  trace — a  large  number  of 
cracks,  and  many  local  and  superficial  dislocations  of  soil  and  rock 
variously  characterized  as  landslides  and  slumps. 

THE   FAITLiT    TRACE. 

The  plane  of  the  earthquake-causing  fault,  where  it  appears  at  the 
surface,  is  approximately  vertical.  The  movement  which  took  place 
along  this  plane  was  approximately  horizontal. 


Pio.  2. — Diagrams  Illustrating  the  nature  of  the  earthquake-making  fault. 

As  the  statement  of  these  relations  is  sometimes  found  confusing, 
they  are  here  illustrated  diagrammatically.  The  upper  diagram  in 
fig.  2  represents  a  rectangular  block  as  if  cut  from  the  land,  the  thick- 
ness being  25  feet,  the  length  east  and  west  (right  to  left)  150  feet, 
and  the  width  100  feet.  The  dotted  line  NS  indicates  the  surface 
outcrop  of  the  old  fault  plane,  trending  northwest  and  southeast, 
this  plane  cutting  the  face  of  the  block  in  the  vertical  line  SD.  AB 
stands  for  any  straight  line  on  the  surface  of  the  land — such  as  would 
be  defined  by  a  road\  a  fence,  or  a  row  of  trees — crossing  the  fault 
outcrop  at  right  angles.     The  lower  diagram  represents  the  same 
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rectangular  block  after  the  earthquake,  its  two  parts  dislocated  by 
sliding  horizontally  along  the  fault  plane,  and  the  line  AB  made  dis- 
continuous by  an  offset. 

To  return,  now,  from  the  ideal  to  the  actual,  the  sides  and  bottom 
of  the  earth  block  disappear.  The  depth  to  which  the  fault  pene- 
trates is  indefinite  and  unknown,  and  so  is  the  extent  of  the  lands  on 
either  side  affected  by  the  displacement.  For  nearly  200  miles  there 
is  a  fracture  on  the  face  of  the  land,  and  everything  traversed  by  the 
fracture  is  dislocated,  the  part  on  the  southwest  side  having  appar- 
ently moved  toward  the  northwest  and  the  part  on  the  northeast  side 
having  apparently  moved  toward  the  southeast.  The  total  horizontal 
offset  ranges  in  general  from  2  to  16  feet,  but  at  one  place,  affected  by 
abnormal  conditions,  reaches  20  feet  (PI.  I,  A).  The  effect  is  also 
shown  by  a  redwood  tree  (PI.  II),  which  was  situated  at  a  place 
where  the  displacement  was  slight.  The  average  offset  is  10  to  12 
feet.  Associated  with  the  horizontal  dislocation  are  vertical  disloca- 
tions of  minor  and  variable  amount.  This  line  of  fracture,  with  the 
associated  dislocation,  is  the  surface  expression  of  the  fault  which 
occurred  on  April  18,  1906.  It  is  the  visible  trace  of  the  fault  across 
the  surface  of  the  land,  and  in  the  following  pages  will  be  called  the 
"fault  trace.""      . 

The  fault  trace  itself  is  in  some  places  inconspicuous,  as  in  the  flat 
meadow  represented  in  PI.  I,  B^  where  one  might  readily  walk  across 
it  without  noticing  that  the  ground  had  been  disturbed.  Its  ordinary 
phase,  however,  includes  a  disruption  of  the  ground  suggestive  of  a 
huge  furrow,  consisting  of  a  zone,  between  rough  walls  of  earth,  in 
which  the  ground  is  splintered  and  the  fragments  are  dislocated  and 
•twisted.  This  phase  is  shown  in  PI.  III.  In  many  places,  the  fault 
trace  sends  branching  cracks  into  bordering  land,  and  locally  its 
effect  in  dislocation  is  divided  among  parallel  branches. 

The  views  of  the  fault  trace  given  in  PL  VII  represent  it  at  a 
point  not  far  from  the  head  of  Tomales  Bay,  where  it  traverses  a 
hillside  having  a  general  slope  toward  the  southwest.  In  the  upper 
view  we  look  toward  the  northwest ;  in  the  lower,  toward  the  south- 
southeast.  The  horizontal  displacement  is  here  about  16  feet,  the 
ground  at  the  left,  in  each  view,  having  moved  from  us,  and  the 

•  In  the  case  of  an  earthquake  fault  with  Important  vertical  displacement  the  surface 
expression  is  a  small  cliff  or  scarp,  and  to  such  a  feature  the  name  **  fault  scarp  "  has 
been  given ;  but  this  name  does  not  serve  to  characterize  the  feature  produced  by  the 
horizontal  displacement  of  April  18,  19()6.  In  default  of  an  appropriate  and  established 
name  the  geologists  who  first  traced  the  feature  made  tentative  use  of  **  furrow  *'  and 
"  rift ;  "  and  the  word  rift  was  employed  in  the  preliminary  report  of  the  California  com- 
mission, In  a  popular  article  by  the  present  writer,  and  probably  in  othet  places.  The  com- 
mission, however,  in  giving  more  deliberate  attention  to  terminology,  has  determined  to 
reserve  the  word  rift  for  a  meaning  more  In  consonance  with  earlier  geologic  usage  and 
to  substitute  "  fault  trace  "  for  the  surface  expression  of  the  fault.  The  present  paper 
.conforms  to  the  nomenclature  accepted  by  the  commission. 

7171— Bull.  324—07 2 
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ground  at  the  right  toward  us.  There  is  also  a  vertical  displacement, 
the  ground  on  the  southwest  side  having  been  relatively  lifted  1  or  2 
feet,  and  the  expression  of  the  vertical  change  is  exaggerated  in  the 
lower  view  by  the  relation  of  the  horizontal  change  to  the  local 
slope  of  the  hillside.  There  is  nothing  in  the  pictures  to  show  the 
amount  or  even  the  direction  of  the  horizontal  displacement,  but 
measurements  were  made  at  neighboring  points  where  the  fault 
trace  intersects  a  road,  a  trail,  and  a  small  gully.  The  nature  of  the 
evidence  as  to  displacement  is  illustrated  by  PI.  I,  B^  which  shows  a 
dislocated  fence.  The  locality  is  on  the  farm  of  E.  R.  vStrain, 
near  the  head  of  Bolinas  Lagoon,  and  the  camera  was  directed 
toward  the  northeast — at  right  angles  to  the  trend  of  the  fault  trace. 
The  main  branch  of  the  fault  trace  (which  is  here  divided)  crosses 
the  foreground  from  left  to  right,  touching  the  dissevered  ends  of  the 
fence,  but  the  shear  is  at  this  point  so  smooth  that  its  surface  trace 
is  concealed  by  the  grass.  The  fence,  which  before  the  earthquake 
was  straight  and  continuous,  w^as  broken  across  and  offset  to  the  dis- 
tance of  8i  feet. 

Between  Point  Arena  and  Fort  Ross  the  course  of  the  fault  trace 
(see  fig.  1,  p.  3)  is  approximately  parallel  to  the  coast,  passing  to  the 
east  of  all  the  coastal  towns.  From  Fort  Ross  to  the  head  of  Tomales 
Bay  it  traverses  the  w^ater,  except  at  Bodega  Bay  and  Preston  Point, 
where  for  short  distances  it  crosses  the  land.  It  again  enters  the 
water  at  Bolinas  Lagoon,  passing  several  miles  outside  the  Golden 
Gate,  and  returning  to  the  land  at  Mussel  Rock,  whence  it  follow^s  a 
nearly  direct  course  to  San  Juan.  It  does  not  touch  any  large  town, 
but  passes  within  a  mile  of  Manchester,  Plantation  post-office,  Fort 
Ross,  Bodega,  Inverness,  Point  Reyes  station,  Olema,  AVoodville,  Boli- 
nas, Woodside,  Portola,  Wrights,  Chittenden,  and  San  Juan. 

On  thQ  east  and  west  sides  of  the  fault  trace,  respectively,  the 
right-line  distances  to  various  places  are  as  follows: 

Distances  from  the  fault  trace  t(t  near-by  prominent  points. 

KAST   SIDK.  FAST    SI  UK — fOntllllied. 

Miles. 

Ukiah 2(J 

Cloverdale 2*J 

Healdsburg 20 

Santa   Rosa 19 

Freestone 8 

San    Rafael 9 

Sonoma 25 

Petaluma  15 

Martinez , 29 

Berkeley *  19 

Oakland 17 

San  Francisco — city  hall 9 


San  Francisro — Cliff  House  __ 
San    MnttH)  _    _        .. 

Miles. 
4 

Stanford    T'niversity 

San  Jose 

.__-       5 
13 

WKHT    SIOE. 

Point  Reyes  liglit-bous«  _  __  . 

11 

Halfnioon    Bay 

Pescadero 

—       6 
10 

Santa    Cruz  _ 

__     12 

Salinas 

._—     13 
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CRACKS. 

All  through  the  area  of  high  intensity  cracks  were  made,  and  these 
were  specially  numerous  near  ihe  fault  trace.  The  cracks  were 
also  more  numerous  in  soft  alluvium  than  in  hard  ground,  but  the 
number  which  deeply  penetrated  the  bed  rock  was  large.  Perhaps 
this  feature  is  better  expressed  by  saying  that  the  bed  rock  was  gen- 
erally and  profoundly  shattered,  but  without  important  dislocation 
except  on  the  old  fault  plane.  The  wide  prevalence  of  shattering  is 
shown  by  the  derangement  of  the  underground  circulation  of  w^ater. 
In  every  farming  district  wuthin  the  main  earthquake  belt  persons 
familiar  with  the  springs  noted  changes  in  the  flow^  of  water,  rang- 
ing from  moderate  diminution  or  increase  to  complete  stoppage  or 
to  the  breaking  out  of  new-  springs.  In  some  places  the  derange- 
ments were  temporary  only,  but  more  commonly  a  permanent  change 
was  reported. 

At  the  surface  the  cracks  had  great  variety  of  expression.  Some 
were  barely  perceptible  as  partings;  others  gaped  so  widely  that  one 
might  look  down  them  several  yards.  Some  were  mere  pullings 
apart;  others  showed  small  differential  movements  of  the  nature  of 
faulting.  Some  were  solitary;  others,  especially  those  exhibiting 
faulting,  were  in  groups.  Some  straggled  and  branched  irregularly ; 
others  were  nearly  straight  for  hundreds  of  feet.  Theoretically,  some 
cracks  were  primary  as  regards  the  earthquake  nd  others  secondary ; 
that  is  to  say,  some  were  caused  directly  by  the  preexistent  stresses 
which  produced  the  main  fault  and  others  were  caused  by  the  weaves 
constituting  the  earthquake. 

PL  IV  shows  two  types  of  secondary  cracks.  In  .1  the  cracks  are 
crooked  and  w^ithout  faulting.  They  traverse  tidal  mud  near  the 
head  of  Bolinas  Lagoon  and  are  near  the  main  branch  of  the  fault 
trace,  which  follows  the  base  of  the  bluff  seen  at  the  right.  The 
cracks  seen  in  B  are  in  Bolinas,  within  half  a  mile  of  the  supposed 
position  of  the  fault  trace.  The  greater  part  of  the  village  lies  in  a 
narrow  valley  dividing  a  plateau.  The  valley  floor  is  of  alluvium, 
the  surface  of  which  curves  upward  at  tlie  sides.  As  a  result  of  the 
earthquake  the  alluvium  settled  somewhat  tow^ard  the  middle  of  the 
valley,  thus  forming  along  the  bases  of  the  hills  a  system  of  cracks 
associated  with  faulting. 

DISIiOCATIONS   OF  SURFACE  MATERIAIj. 

The  district  most  strongly  affected  by  the  earthquake  is  one  in 
which  landslips  are  normally  of  frequent  occurrence.  On  many  hill 
slopes  were  masses  of  earth  or  rock,  the  descent  of  which  was  sure  to 
take  place  whenever  conditions  became  favorable.     The  shaking  of 
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the  earth  on  the  morning  of  April  18,  1906,  supplied  the  lacking 
factor,  and  they  were  all  loosened  at  once.  In  the  simplest  ca^  a 
poised  rock  toppled  over  and  rolled  down  a  slope.  In  other  cases 
adhesion  was  overcome,  with  resultant  sliding.  In  yet  others  strains 
occasioned  by  the  sapping  of  cliffs  were  reinforced  by  kinetic  strains 
and  cohesion  was  overcome,  with  resultant  fracture.  Elsewhere  an 
unconsolidated  formation,  even  though  in  a  dry  condition,  was  made 
to  flow  by  simple  agitation.  Hillside  bogs  and  other  bodies  of  w^et 
earth  lost  coherence  and  flowed  as  mud.  Slips  of  this  character  grade 
into  those  of  wet  alluvium  or  "  made  ground  "  resting  upon  gentle 
slopes — ground  which  under  ordinary  conditions  flows  or  creeps  at  an 
almost  imperceptible  rate,  but  wiiich  by  shaking  was  made  to  move 
several  feet  or  yards  in  a  few  seconds.  The  filled  districts  of  San 
Francisco  afford  several  examples,  and  two  of  these  are  illustrated  by 
Pis.  V  and  VI,  B.  The  view  shown  in  PI.  V  is  northwestward  on 
Ninth  street,  near  Brannan.  Before  the  earthquake  the  car  tracks 
and  curb  line  were  straight  and  approximately  level,  and  this  condi- 
tion was  not  disturbed  on  the  relatively  firm  ground  shown  in  the 
distance.  In  the  nearer  part  of  the  view  the  street  crosses  a  tract  of 
made  ground  created  by  filling  a  valley  tributary  to  a  narrow  tidal 
inlet  called  Mission  Creek.  The  descent  of  this  valley  was  south- 
westward,  and  the  made  ground  flowed  in  that  direction,  carrying 
street  and  buildings  with  it.  In  taking  the  photograph  reproduced 
in  PI.  VI,  B^  the  camera  stood  on  ground  made  by  the  filling  of  Mis- 
sion Lagoon,  an  expansion  of  Mission  Creek,  and  was  pointed  north- 
ward, comnumding  a  portion  of  Howard  street.  The  made  ground 
here  flowed  northeastward  and  the  buckling  of  street-car  tracks  w^as 
caused  by  its  moticm.  ^Miere  the  same  earth  flow^  crossed  Valencia 
street  the  horizontal  movement  amounted  to  6  feet. 

In  the  various  cases  of  dislocation  enumerated  the  motive  force 
appeared  to  be  gravity,  and  the  apparent  function  of  the  earthquake 
was  to  initiate  movement  by  overcoming  equilibrium,  adhesion,  or 
cohesion,  or  else  to  increase  mobility  by  agitation,  and  thereby  tem- 
porarily convert  a  quasi  solid  into  a  quasi  liquid.  "\ATiile  I  do  not 
doubt  that  this  explanation  is  ordinarily  adequate,  there  is  at  least 
one  dislocation  of  surface  material  for  which  it  is  inadequate,  and 
this  raises  the  question  whether  in  various  other  instances  it  may 
not  require  qualification.  I  refer  to  an  extensive  shifting  of  mud  on 
the  bottom  of  Tomales  Bay.  At  the  head  of  the  bay  and  thena*  for 
a  distance  of  several  miles  northwestward  the  soft  mud  was  moved 
bodily  westward.  It  not  only  descended  from  the  northeast  shore,  so 
as  to  cause  deeper  water,  but  ascended  toward  the  southwest  shore, 
creating  a  broad  shoal  (PI.  VII).  The  horizontal  change  of  posi- 
tion near  the  southwest  shore  was  in  places  more  than  25  feet,  and 
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the  vertical  change  as  much  as  2  feet.  As  the  ascending  movement 
can  not  be  ascribed  to  gravity,  it  must  be  referred  to  the  earthquake, 
even  though  the  way  in  which  the  earth  waves  produced  the  effect  is 
not  evident.  The  locality  is  adjacent  to  the  fault  trace,  the  position 
of  which  is  along  the  bottom  of  the  bay,  east  of  the  shoal. 

The  illustrations  may  require  a  few  words  of  explanation.  The 
upper  view  of  PI.  VII  looks  northward  from  the  southwest  shore 
of  the  bay.  Tide  being  low,  the  newly  formed  shoal  or  mud  bank  is 
broadly  exposed,  but  the  receding  tide  has  left  a  lane  of  water  to 
mark  the  separation  of  the  mud  bank  from  the  firmer  ground  that 
withstood  the  quaking.  Immediately  after  the  earthquake  the  mud 
was  rigid,  as  in  the  tract  shown  in  PI.  VIII,  ^1;  but  before  the  view 
of  PI.  VII,  .1,  was  taken  (April  28, 1906)  the  surface  had  l>een  largely 
smoothed  by  the  action  of  wind  waves.  A  single  ridge  which  es- 
caped that  action  appears  at  the  left  in  the  upper  view  of  PI.  VII 
and  in  the  foreground  of  the  lower  view. 

A  permanent  disturbance  of  the  ground  also  resulted  in  many 
instances  from  compacting.  Just  as  sand  or  grain  that  has  been 
poured  into  a  measure  can  be  made  by  shaking  to  settle  down  and 
occupy  less  space,  so  various  loose  formations,  and  especially  arti- 
ficial fillings,  were  shaken  together  by  the  earthquake  and  the  ground 
surface  lowered.  In  such  compacting  the  particles  making  up  the 
aggregate  are  readjusted  so  as  to  fit  more  closely  together  and  the 
voi<ls  are  reduced.  In  dry  formations  compacted  by  the  earthquake 
the  reduction  of  voids  w^as  oppostnl  only  by  the  elasticity  of  the 
containe<l  air.  In  wet  formations  it  encountered  the  effectual  resist- 
ance of  the  contained  water,  and  could  be  accomplished  only  by  the 
extravasation  of  some  of  the  water.  Ordinarih^  it  was  impossible  to 
measure  the  settling  due  to  compacting,  or  even  to  determine  its 
occurrence  as  a  phenomenon  independent  of  ground  flow,  but  it  was 
clearly  seen  in  various  localities  in  San  Francisco  where  those  parts 
of  graded  streets  which  retained  their  simple  shapes  and  straight 
lines  served  as  reference  planes  for  neighboring  parts  that  were 
disturbed.  (Compare  the  distance  and  foreground  of  PI.  V. 
Another  example  of  the  effect  on  the  filled-in  land  in  this  part  of 
the  (;ity  is  shown  in  PI.  VI,  .1,  a  view  of  Dore  street  between  Bryant 
and  Brannan  streets.  The  settling  of  the  soft  ground  caused  the 
street  to  drop  at  least  5  feet  at  this  place.) 

The  only  notable  water  waves  generated  by  the  shock  were  in 
Tomales  Bay,  where  a  group  of  waves  estimated  to  be  6  or  8  feet  high 
came  to  the  northeast  shore.  The  automatic  tide  gage  at  the  Presidio 
showed  a  depression  of  about  4  inches,  with  subsequent  oscillations 
of  similar  amount.  AVater  was  spilled  from  tanks,  etc.,  and  in  at 
least  one  place  was  thrown  from  a  pool  out  on  the  land. 
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MOTIONS   CONSTITUTING   THE   EAUTHQUAKE. 

The  earthquake  occurred  between  10  and  15  minutes  after  5  o'clock 
a.  m.,  standard  time  of  the  one  hundred  and  twentieth  meridian.  As 
time  was  consumed  .in  the  propagation  of  the  shocks,  the  moment  of 
beginning  at  any  place  depended  in  part  on  the  distance  of  the  place 
from  the  zone  in  wiiich  the  disturbance  originated.  As  this  zone  was 
hundreds  of  miles  in  extent  it  is  probable  that  the  time  of  beginning 
was  not  the  same  at  all  points  along  it.  For  similar  reasons  the  char- 
acter and  sequence  of  the  motions  constituting  the  earthquake  were 
not  the  same  at  any  two  localities,  and  the  differences  in  the  vicinity 
of  the  zone  of  origin  may  have  been  very  great.  In  and  near  San 
Francisco  the  principal  part  had  a  duration  of  about  one  minute;  it 
was  preceded  by  comparatively  faint  tremors  for  several  seconds,  and 
it  was  followed  by  minor  tremors.  During  the  stronger  part  the 
motion  was  chiefly  in  horizontal  directions  and  oscillatory,  but  its 
rhythm  w^as  irregular  in  period  and  emphasis.  On  firm  ground  in  the 
same  region  the  range  of  motion  is  believed  to  have  been  more  than  2 
inches,  but  was  not  measured,  there  being  no  seismograph  capable  of 
recording  it.  On  soft  ground  the  range  of  oscillatory  motion  may 
have  been  several  times  greater,  and  it  was  also  greater  in  the 
immediate  vicinity  of  the  fault  trace. 

The  following  paragraphs  present  my  conception  of  the  essential 
character  of  the  motions  constituting  the  earthquake  in  the  i*egion 
of  its  destructive  intensity.  In  the  endeavor  to  make  a  brief  and 
clear  statement  the  conception  is  expressed  somewhat  badly,  with 
little  reference  to  the  various  uncertainties  of  fact  and  theory  by 
which  it  is  actually  qualified. 

The  earthquake  fault  has  a  length  of  300  miles,  possibly  400. 
Nothing  is  known  of  its  depth.  It  coincides  with  a  plane  of  earlier 
faulting,  on  portions  of  which  there  have  been  movements  within  a 
few  decades.  The  fact  of  recurrence  on  the  same  plane  shows  that 
the  rock  faces  in  contact  had  not  become  welded,  so  that  the  molec- 
ular force  which  there  resisted  motion  was  less  than  the  cohesion 
of  solid  rock  and  may  have  been  little  stronger  than  adhesion.  A 
tract  of  the  crust  including  the  fault  plane  had  come  to  be  affected 
by  a  system  of  slowly  increasing  shearing  strains,  and  the  associated 
stresses  were  the  forces  directly  causing  the  fault.  A\Tien  the  stress 
component  coincident  with  the  fault  plane  at  some  point  became 
greater  than  the  adhesion  (or  cohesion)  a  local  slipping  took  place. 
This  caused  a  redistribution  of  strains  and  stresses,  the  local  relief 
of  strain  being  followed  by  increase  of  strain  and  stress  in  all  adjoin- 
ing tracts  of  the  fault  plane,  with  the  result  that  the  adhesion  was 
overcome  in  those  tracts  and  the  area  of  incipient  faulting  thereby 
enlarg<»d.  Thus  from  the  initial  tract  the  lesion  w^as  propagated 
as  a  sort  of  wave  through  all  the  fault  plane. 
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At  the  initial  tract  a  small  movement  sufficed  to  relieve  the  local 
strain,  and  the  motion  was  then  arrested  by  friction,  but  the  move- 
ment was  renewed  by  reaction  from  other  tracts,  and  it  alternately 
started  and  stopped  till  the  accumulated  stresses  had  spent  them- 
selves. There  was  a  similar  rhythmic  sequence  in  other  parts  of  the 
fault,  the  frequency  of  the  alternations  depending  on  local  conditions; 
and  the  total  movement  of  dislocation  at  each  point  was  accomplished 
by  a  series  of  steps  and  not  by  a  single  leap. 

The  time  consumed  in  these  reactions  w^as  not  infinitesimal.  The 
rate  of  propagation  of  changes  in  strain  was  of  the  same  order  of 
magnitude  as  that  of  earthquake  waves  in  general,  and  the  rate  of 
propagation  of  the  initiation  of  movement  on  the  old  fault  plane 
may  have  been  somewhat  slower  because  of  the  necessity  of  accumu- 
lating a  certain  amount  of  stress  increment  to  overcome  the  adhesion. 
It  is  probable  that  the  completion  of  the  fault  required  more  than 
one  minute,  and  it  may  have  required  more  than  two  minutes.  It  is 
even  possible  that  the  displacement  had  been  completed  at  the  ini- 
tial point  before  it  l)egan  at  the  most  remote. 

In  the  succession  of  slippings  and  stoppings  at  any  point  of  the 
fault  plane  each  separate  slip  communicated  a  jar  or  pulse  to  the 
surrounding  rock,  and  this  pulse  was  propagated  in  all  directions. 
The  earthquake  at  any  locality  in  the  neighborhood  of  the  fault 
consisted  of  such  pulses  from  different  directions.  The  general  dis- 
tribution of  intensity  indicates  that  the  pulses  weakened  in  trans- 
mission somewhat  rapidly,  whence  it  may  be  inferred  that  the  particu- 
lar pulses  constituting  the  dominant  elements  of  the  local  earthquake 
were  those  from  the  nearer  |)arts  of  the  fault. 

If  this  conception  of  the  earthquake  is  correct,  the  rhythm  observed 
in  the  region  of  high  intensity  was  a  phenomenon  distinct  from  the 
rhythm  of  harmonic  waves.  It  was  essentially  a  frictional  rhythm, 
dependent  on  the  relation  of  certain  rock  strains  and  rock  stresses  to 
•the  resistances  afforded  by  adhesion  and  sliding  friction.  It  was 
irregular  not  only  because  the  intervals  of  local  starting  and  stopping 
were  unequal,  but  because^,  it  was  derived  from  a  considerable  area  of 
the  fault  surface,  in  which  the  local  rhythms  were  neither  harmoni- 
ous nor  synchronous. 

The  compoimding  of  unevenly  spaced  pulses  from  different  points 
of  the  fault  plane  caused  both  reinforcement  and  interference,  intro- 
ducing a  character  analogous  to  beats  in  music,  but  without  the  regu- 
larity of  musical  beats.  It  also  at  times  made  oscillatory  motions 
swifter  in  one  direction  than  the  other,  so  that  reciprocative  accelera- 
tions were  not  always  symmetrically  arranged.  In  less  technical 
language,  the  motion  was  jerky  and  included  abrupt  phases  that  were 
almost  blows.  The  compounding  also  introduced  variety  in  the 
direction  of  motion,  especially  at  the  end,  when  for  a  short  time  the 
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pulses  from  remoter  parts  of  the  zone  of  origin  ceased  to  be  over- 
powered by  those  from  the  nearest  parts.  The  motion  in  that  closing 
phase  of  the  violent  part  of  the  earthquake  has  been  compared  by  an 
observer  to  the  motion  of  a  vessel  in  a  choppy  sea;  and  I  conceive 
that  this  comparison  is  the  expression  of  a  veritable  analog}'. 

DISTRIBUTION   OF  INTENSITY. 

When  the  isoseismal  curves  for  this  earthquake  are  drawn  those 
for  the  higher  intensities  will  show  a  remarkable  elongation  in  the 
north w^est-southeast  direction.  They  will  also  show  irregularties 
expressive  of  high  intensity  in  the  Santa  Rosa  Valley  and  other 
outlying  areas.  These  features  are  related  to  the  position  and  form 
of  the  zone  or  zones  of  origin.  If  drawn  in  detail  they  will  show 
also  the  great  influence  of  peculiarities  of  geologic  formations.  De- 
tailed surveying  has  been  attempted  by  the  State  commission  only  in 
San  Francisco,  partly  because  the  results  will  there  have  the  greatest 
practical  value,  and  partly  l>ecause  the  data  are  there  most  available. 
Notwithstanding  the  abundance  of  cracks,  landslides,  and  broken 
trees  in  the  region  of  high  intensity,  it  is  nevertheless  true  that 
natural  structures  in  general  are  much  less  sensitive  to  earthquake 
violence  than  artificial  structures,  and  for  that  reason  grades  of  in- 
tensity are  most  easily  mapped  in  cities. 

The  word  ''  intensity  "  has  various  meanings  as  applied  to  earth- 
quakes. As  technically  defined,  it  is  the  acceleration  of  the  earth 
particle  and  is  a  quantity  to  be  measured  by  the  seismograph.  But 
the  field  of  instrumental  observation  is  so  limited  that  another  defini- 
tion practically  obtains — that  of  power  .to  destroy,  a  property  which 
depends  on  the  duration  and  direction  of  the  motion  as  well  as  its 
acceleration,  and  which  may  have  other  factors. 

It  has  long  l>een  known  that  buildings  and  other  structures  on 
ground  of  certain  kinds  are  more  susceptible  to  earthquake  injury 
tlian  on  ground  of  other  kinds,  and  these  differences  were  strikingly 
illustrated  in  San  Francisco.  The  general  fact  appears  to  be  that 
the  amplitude  of  vibration  and  the  acceleration  are  greater  in  loose, 
unconsolidated  formations  than  in  solid  rock.  The  firmer  and  more 
elastic  a  rock  fornuition,  the  less  the  intensity  of  the  earthquake 
shocks  it  transmits  to  buildings  standing  on  it;  and  there  is  a  grada- 
tion in  this  quality  from  the  firmest  bed  rock  to  the  loosest  gravel, 
sand,  and  mud.  For  strong  shocks,  at  least,  the  intensity  is  greater 
in  loos(^  formations  saturated  with  water  than  in  those  that  are  dry. 

Closely  related  to  the  control  of  intensity  by  the  peculiarities  of 
formations  is  the  subject  of  surface  undulations.  Observers  of  strong 
earthquakes  sometimes  report  visible  progressive  undulations  of  the 
ground,  similar  to  water  waves,  and  such  observations  are  usually 
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made  where  the  formations  are  alluvial.  Doubtless  many  of  the 
observations  are  fallacious,  depending  on  a  subjective  illusion  as  to 
the  direction  of  verticality,  which  arises  from  the  horizontal  move- 
ments of  the  observer's  support;  but  some  of  them  may  also  be 
objective.  Not  only  is  there  a  gradation  in  physical  condition  from 
dry  earth  through  mud  to  water,  but  the  shaking  of  a  loose  formation, 
whether  w^et  or  dry,  overcomes  the  adhesion  of  particles  and  thereby 
imparts  for  the  time  being  a  mobility  analogous  to  that  of  liquids. 
It  is  therefore  conceivable  that  gravity  waves,  altogether  analogous  to 
those  of  water,  may  be  produced  by  a  violent  earthquake  on  the  sur- 
face of  a  loose  formation.  Certain  ridges  on  soft  ground  caused  by 
earthquakes  in  Japan  are  inferred  by  Omori  and  Kikuchi  to  repre- 
sent such  soil  waves  and  to  indicate  a  wave  length  (crest  to  crest)  of 
20  to  40  meters.  The  San  Francisco  earthquake  produced  a  similar 
ridging  on  tidal  mud  in  Tomales  Bay,  the  average  ridge  interval 
being  not  more  than  half  that  of  the  Japanese  examples.  The 
Tomales  Bay  ridges  are  roughly  parallel  to  the  fault  trace  (which  is 
close  at  hand),  have  about  the  same  irregularity  as  wind  waves,  and 
originally  ranged  in  height  from  1  to  3  feet.  They  w^ere  observed 
chiefly,  but  not  exclusively,  on  the  body  of  mud  already  mentioned  as 
having  been  shifted  tow^ard  the  southwest  shore.  The  tract  shown  in 
PI.  VIT  lies  so  low  as  to  be  submerged  much  of  the  time,  and  the 
ridges  had  been  so  nearly  obliterated  when  the  views  were  taken  that 
little  remained  besides  an  obscure  indication  of  their  ground  plan; 
but  an  area  nearer  the  head  of  the  bay,  and  probably  lying  somewhat 
higlier,  not  only  seemed  to  have  preserved  its  character  when  photo- 
graphed (April  28';  see  PI.  VIII,  .4),  but  showed  little  change  when 
visited  nine  months  later. 

Notwithstanding  the  persistence  of  the  ridges  at  the  last-mentioned 
locality,  there  is  no  reason  to  question  the  statement  that  the  whole 
mud  plain  had  the  smooth  surface  common  to  tidal  flats  until  it  was 
disturbed  by  the  earthquake.  Nor  do  I  find  any  room  for  doubt 
either  that  the  ridges  originated  as  waves  on  the  surface  of  the  mud 
while  it  was  rendered  quasi  liquid  by  violent  agitation,  or  that  they 
persisted  because  the  mud  promptly  resumed  its  normal  coherence 
when  the  agitation  ceasi^d.  It  is  by  no  means  equally  clear  that  the 
arrested  waves  were  true  gravity  waves  rolling  across  the  mud  plain. 
Whatever  their  mechanism  and  history,  they  illustrate  a  mode  of 
response  of  wet,  unconsolidated  material  to  powerful  earth  tremors, 
they  suggest  an  explanation  of  certain  wavelike  ridges  produced  on 
areas  of  made  ground  in  San  Francisco,  and  they  contribute  to  an 
understanding  of  the  peculiar  destructiveness  of  the  earthquake  in 
such  areas. 
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THE  EFFECTS  OF  THE   EARTHQUAKE  AND   FIRE  ON 

VARIOUS  STRUCTURES  AND  STRUCTURAL 

MATERIALS. 


By  Richard  L.  Humph  be  v. 


GENERAL.  I>I8ClT88ION  OF  THE  EARTHQUAKE  COXDITIOIS^S. 

On  the  18th  of  April,  1900,  the  whole  civilized  world  stood  aghast 
at  the  appalling  destruction  which  visited  the  city  of  San  Francisco 
and  vicinity.  Three  weeks  later,  for  the  purpose  of  studying  the 
effect  of  the  earthquake  and  fire  on  structural  materials,  the  writer 
began  the  investigation  herein  described,  lasting  six  weeks  and  cov- 
ering the  entire  affected  territory.  It  would  be  impoasible,  however, 
to  describe  the  extent  of  the  damage  adequately  or  comprehensively 
in  a  report  of  this  character.  '\ATien  we  consider  the  terrific  destruc- 
tion wrought  in  the  surface  of  the  earth  by  the  first  movement  or 
"  slip,"*  which  developed  structural  weaknesses,  it  is  not  surprising 
that  this  movement  and  the  resulting  vibrations  should  prove  so 
fatal  to  the  structures  of  man. 

In  the  fire  that  followed  hundreds  of  thousands  of  people  were 
rendered  homeless  and  dependent  on  public  bounty  for  shelter  and 
the  necessities  of  life.  This  phase  of  the  disaster  appealed  to  popular 
sympathy  and  drew  spontaneously  from  all  parts  of  the  country 
contributions  of  food,  clothing,  household  furnishings,  and  money  for 
the  relief  of  the  destitute. 

To  the  user  of  the  materials  of  building  construction  the  study  of 
the  behavior  and  relative  efficiency  of  the  various  classes  of  such 
materials  under  the  unusual  and  rigorous  conditions  imposed  by  the 
earthquake  and  fire  is  most  interesting  and  instructive.  The  test  w^as 
<me  of  such  violence  that  only  structures  of  first-class  design  and 
materials  and  honest  workmanship  could  survive.  Flimsy  and  loosely 
built  structures  collapsed  like  houses  of  cards  under  the  terrific 
wrenching  and  shaking,  and  many  of  the  structures  which  withstood 
the  earthquake  w^ere  subjected  to  a  second  test  in  a  fire  which  surpassed 
all  the  great  conflagrations  of  recent  years.  Some  of  these  structures 
14 
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which  successfully  withstood  the  first  test  failed  signally  under  the 
second,  by  reason  of  inadequate  fireproofing.  A  very  few  withstood 
both  tests  successfully. 

It  is  a  generally  accepted  fact  that  no  structure  could  have  with- 
stood the  stresses  produced  by  the  movement  of  the  earth  at  the 
"  fault  trace,"  along  which  the  maximum  intensity  of  disturbance 
was  localized.  The  stresses  produced  by  the  vibrations  at  other  points, 
however,  could  have  been  resisted  with  safety  if  proper  design,  first- 
class  materials,  and  honest  workmanship — constituting  the  whole 
secret  of  earthquake-resisting  power — had  been  employed  in  the  struc- 
tures so  located.  In  tall  structures  rigidity  of  construction,  attained 
by  adequate  diagonal  and  portal  bracing,  is  absolutely  essential.  In 
such  buildings,  owing  to  the  inertia  of  the  mass  of  the  upper  portion, 
the  maximum  bending  moment  exerted  by  the  earthquake  was  ap- 
plied at  some  point  between  the  foundation  and  the  top — generally 
just  below  the  middle.  While  reen forced -conci-ete  structures  were 
few  in  the  zone  of  seismic  disturbances,  these  few  stood  the  test  by 
earthquake  and  fire  in  a  highly  satisfactory  manner.  Rigidity  and 
stiffness  and  a  high  fire  resistance  are  inherent  qualities  of  concrete, 
and  this  material  proved  admirably  suited  to  resist  these  extraordi- 
nary tests. 

The  destruction  was  greatest  in  structures  built  on  filled  ground, 
or  on  alluvial  soils  in  the  valleys  of  rivers,  with  foundations  which 
did  not  go  through  to  solid  ground,  the  settling  of  the  earth  caused 
by  the  vibrations  resulting  in  permanent  displacement  or  distortion 
of  such  structures.  At  many  places  wliere  great  destruction  took 
place,  as  at  Palo  Alto,  San  Jose,  Salinas,  Santa  Rosa,  etc.,  the  struc- 
tures were  built  on  soft  ground.  In  structures  built  on  solid  ground 
or  rock  formation  the  action  was  much  less  severe  and  was  confined 
to  shaking,  producing  a  maximum  oscillation  in  the  upper  portions 
of  the  structure. 

In  order  to  understand  properly  the  conditions  under  which  such 
destruction  as  that  caused  by  the  earthquake  could  occur,  one  should 
study  the  geologic  conditions  prevalent  just  prior  to  the  earthquake. 

The  history  of  the  Pacific  coast  is  replete  with  records  of  seismic 
disturbances,  the  entire  region  l)eing  in  a  condition  of  unstable 
equilibrium  and  cut  by  long  rifts  in  the  surface,  called  ''faults," 
whicli  have  produced  a  series  of  long,  narrow  valleys.  The  forces 
which  produce  elevations  and  subsidence  of  the  surface  also  produce 
stresses,  which  finally  overcome  the  adhesion  of  the  opposing  rift 
walls,  and  earthquakes  take  place  in  the  slipping  of  these  walls, 
through  a  few  inches  or  a  few  feet,  in  the  effort  to  adjust  the  stresses. 
These  earthquakes  are  of  two  classes — volcanic  and  tectonic.  The 
former  occur  in  regions  of  volcanic  activity,  are  shallow  in  extent, 
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and  affect  comparatively  small  areas;  the  latter  not  only  extend  to 
a  much  greater  depth,  but  also  affect  much  greater  areas.  The 
region  north  and  south  of  San  Francisco  is  regarded  as  particularly 
susceptible  to  earthquakes  of  the  latter  type. 

A.  C.  Lawson  has  traced  several  of  the  "  faults  "  referred  to,  and 
about  ten  years  prior  to  the  San  Francisco  earthquake  he  indicated 
the  location  of  the  present  fault  trace  south  of  the  Golden  Gate. 
His  relief  map  of  California  serves  to  show  the  lines  of  known  faults 
by  the  parallelism  of  the  ridges  and  valleys.  In  following  these 
valleys  one  finds  evidence  of  faulting  on  every  hand — the  scars  and 
markings  on  the  earth  and  rocks,  and  the  pres(»nce  of  little  lakers  or 
ponds  without  visible  source  of  supply  other  than  the  watershed  of 
the  adjacent  ridges.  According  to  Lawson,  the  coast  of  California 
is  rising,  and  the  seismic  disturbances  whose  record  is  found  in  the 
rocks  have  been  produced  by  movements  in  the  process  of  upheaval 
and  subsidence,  of  folding  and  faulting,  which  are,  perhaps,  greater 
along  the  coast  of  California  than  in  any  other  part  of  the  world. 
Whatever  may  be  the  causes  of  these  movements,  it  is  apparent  that 
the  resultant  stresses  relieve  themselves  by  producing  these  faults 
or  rifts  in  the  earth's  surface. 

The  average  Californian  l)ecomes  accustomed  to  the  earthquakes 
which  produce  "  temblors ''  of  sufficient  intensity  to  rattle  \vindows. 
Prior  to  the  great  earthquake  of  April  18,  190(>,  these  temblors 
were  of  frequent  occurrence,  but  occasioned  no  alarm  and,  indeed, 
scarcely  excited  a  passing  interest.  Over^wo  hundred  earthquakes 
were  recorded  during  the  ix»riod  from  1850  to  188G,  being  more 
prevalent  in  the  vicinity  of  San  F'rancisco  Bay  than  elsewhere.  The 
writer  is  informed  that  during  the  period  just  prior  to  April  18 
few  if  any  noticeable  temblors  occurred.  It  is  fair  to  assume,  there- 
fore, that  the  great  earthquake  resulted  from  an  accumulation  of 
stresses  which  would  ordinarily  have  lx»en  relieved  by  smaller  move- 
ments. 

The  relative  intensities  of  earthquakes  are  indicated,  on  the  Rossi- 
Forel  scale,  by  Nos.  I  to  X.  All  under  V  produce  no  visible  destruc- 
tion, and  from  V  the  destruction  increases  up  to  X,  which  represents 
those  in  which  complete  destruction  takes  place.  The  writer  under- 
stands that  the  earthquake  of  April  18  is  rated  at  IX  on  this  scale. 

This  earthquake,' the  most  severe  in  the  history  of  the  State,  took 
place  at  5  hours  13  minutes  and  38  seconds  a.  m..  Pacific  time,  the 
main  shock  lasting  one  minute  and  five  seconds.  Between  this  time 
and  7  a.  m.  about  thirty  minor  shocks  were  recorded.  A  zone  of 
destruction  50  miles  wide  was  produced,  extending  for  a  distance  of 
150  to  200  miles  north  and  south  of  San  Francisco  (see  the  map,  fig.  1, 
p.  3),  beginning  at  Point  Arena,  paralleling  the  coast  to  Fort  Ross, 


Digitized  by  VjOOQIC 


EFFECTS  ON   STRUCTURES  OUTSIDE  OF  SAN  FRANCISCO.  17 

passing  under  the  ocean  bed  just  west  of  the  Golden  Gate,  reappear- 
ing on  the  land  at  Mussel  Rock,  and  following  the  Pilarcitos  and  San 
Andreas  pipe  lines  of  the  Spring  Valley  Water  Company  in  a  direct 
line  to  Hollister.  The  zone  included  San  Francisco  Bay,  Russian 
River,  and  the  Sonora,  Santa  Clara,  and  Salinas  valleys.  The  first 
movement  was  along  this  zone  in  a  southeasterly  direction,  and  the 
vibrations  set  up  on  all  sides  produced  a  continuous  twisting,  rocking, 
wrenching  movement  that  brought  down  chimneys,  walls,  towers,  etc. 
In  the  opinion  of  the  California  earthquake  investigation  commission 
the  slip  commenced  at  the  northwest  end  of  the  zone,  and  the  force 
which  occasioned  the  rupturing  or  shearing  movement  was  a  progress- 
ively decreasing  one  to  the  southeast  end.  As  in  the  earthquake  of 
18()8,  the  destruction  was  greatest  in  proportion  to  the  nearness  to 
the  fault  trace,  and  in  parts  built  on  soft  or  alluvial  soil,  or  on  "  made 
ground."  The  earthquake  as  recorded  by  the  seismographs  showed  a 
horizontal  movement  of  about  3  inches  and  a  vertical  movement  of 
about  1  inch,  the  velocity  of  propagation  being  about  2.1  miles  per 
second.  The  wave  movement  was  long  and  slow  in  hard  soil  and 
rock  and  comparatively  short  and  incoherent  in  soft  ground. 

EFl^ECTS   0:N^   STRITCTITRF.S   OU'I  SIDE    OF  SAN   FRANCISCO. 

In  considering  in  detail  the  damage  wrought  by  the  earthquake 
one  must  look  for  evidence  in  the  country  surrounding  San  Francisco, 
since  the  fire  in  that  city  obliterated  most  of  the  signs  of  the  damage. 

The  greatest  loss  in  the  city  of  San  Francisco  was  principally  the 
result  of  the  fire^  which  was  rendered  uncontrollable  owing  to  the 
wrecking  of  the  water-supply  system  by  the  earthquake.  (See  the 
maps  of  the  city  and  vicinity.  Pis.  LVI  and  LVII.)  An  examination 
of  the  damage  to  the  system  at  once  suggests  itself,  especially  as  some 
of  the  main  conduits  are  located  on  or  near  the  fault  line. 

The  city  is  supplied  principally  by  gravity  from  three  main  dis- 
tributing reservoirs,  viz.  University  Mound,  College  Hill,  and  Lake 
Honda;  there  are  also  two  supplementary  sources — Alameda  Creek, 
on  the  east  side  of  the  bay,  and  Lake  Merced.  The  University  Mound 
reservoir,  having  a  capacity  of  33,000,000  gallons,  is  supplied  from 
Crystal  Springs  Lake  through  17  miles  of  44-inch  wrought-iron  pipe, 
carried  for  a  considerable  distance  on  trestles  over  the  marshes.  The 
College  Hill  reservoir  has  a  capacity  of  15,000,000  gallons  and  is  sup- 
plied from  San  Andreas  Lake  through  14  miles  of  44-inch,  37-inch, 
and  30-inch  wrought-iron  pipe.  The  Lake  Honda  reservoir,  with  a 
capacity  of  31,000,000  gallons,  is  fed  from  Pilarcitos  Lake  through 
16  miles  of  conduit,  1^  miles  of  which  is  wooden  flume  and  the  re- 
mainder cast-iron  and  wrought-iron  pipe  and  brick  tunnel.  Of  the 
two  supplementary  supplies,  the  water  from  Ali^meda  Creek  is  car- 
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ried  27  miles,  crossing  San  Francisco  Bay  through  submarine  pipes, 
and  thence  passing  through  the  Crystal  Springs  conduit  to  the  city ; 
that  from  Lake  Merced  is  pumped  into  the  Pilarcitos  conduit  and 
thence  to  the  city. 

In  company  with  Herman  Schussler,  chief  engineer  of  the  Spring 
Valley  Water  Company,  the  writer  made  a  detailed  examination  of  the 
principal  conduits  and  reservoirs.  On  the  San  Bruno  marsh  the  44- 
inch  line  to  the  University  Mound  reservoir  had  been  thrown  off  the 
trestle  for  a  distance  of  1,300  feet;  and,  while  the  pipe  was  readily 
repaired,  the  trestle  had  to  be  rebuilt,  as  many  of  the  timbers  had 
rotted.  Near  Baden  the  line  had  been  telescoped  42  inches,  shearing 
off  an  8-inch  gate  valve.  The  reservoir  itself  was  undamaged,  yet  its 
three  days'  supply  was  rendered  useless  by  the  breaks  in  the  cast-iron 
distributing  mains. 

The  only  damage  done  to  the  conduit  between  San  Andreas  Lake 
and  the  College  Hill  reservoir  was  at  Baden,  where  the  slip  joint  had 
been  broken,  tearing  out  the  four  cast-iron  lugs — an  effect  indicating 
a  force  of  at  least  2,000,000  pounds. 

The  principal  breaks  in  the  Pilarcitos  conduit,  which  w^as  so  badly 
damaged  that  the  company  decided  to  abandon  it,  were  examined. 
This  conduit  had  been  located  for  convenience  in  one  of  the  long,  nar- 
row valleys,  and  therefore  on  the  line  of  an  old  fault.  It  i;^  evident 
that  it  would  be  futile  to  attempt  to  build  this  conduit  strong  enough 
to  withstand  a  slip  on  the  fault  line.  The  breaks  in  this  30-inch 
wrought-iron  pipe  ranged  from  30  inches  to  0  feet  in  length.  At 
other  points  it  was  telescoped  and  twisted  beyond  repair.  (See  PI. 
IX.)  The  Pilarcitos  conduit  crosses  Frawleys  Gulch  on  a  trestle. 
The  movement  of  the  earth  produced  a  compression  in  the  pipe  line 
at  this  point,  which  threw  it  off  and  wrecked  the  trestle,  and  the  water 
in  the  conduit  leading  to  the  trestle  line  was  released  so  rapidly  that 
it  formed  a  vacuum,  which  caused  this  conduit  to  collapse,  as  shown 
in  PI.  X,  .1.  The  conduit  crosses  and  recrosses  the  fault  for  a  dis- 
tance of  6  miles  south  of  Frawleys  Gulch.  The  30-inch  wrought- 
iron  pipe  line  was  torn  and  twisted  at  each  crossing,  while  the  earth 
dam  of  Pilarcitos  Lake  w^as  uninjured. 

The  San  Andreas  earth  dam  lies  across  the  fault,  the  crossing  being 
about  100  feet  from  its  east  end,  and  the  dam  shows  a  disturbance  for 
a  distance  of  more  than  100  feet.  One  of  the  worst  cracks  runs  diag- 
onally across  a  culvert  4  feet  6  inches  in  diameter,  which  appears  to 
be  uninjured.  Although  San  Andreas  Lake  had  considerable  water 
in  it,  no  appreciable  loss  of  head  was  observed.  There  is  a  roadway 
over  the  dam,  along  which  runs  a  fence.  Both,  were  offset  at  the 
fault  line  about  3^  feet.  A  wooden  flume  used  for  diverting  storage 
water  to  the  reservciir  lines  crosses  the  fault,  and  was  wrecked  at  that 
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point  for  50  feet.  A  brick  conduit  used  for  waste  purposes  extends 
across  the  fault.  All  the  four  rings,  of  hard-burned  brick,  arc  laid 
in  first-class  Port  land -cement  mortar,  making  a  first-class  piece  of 
work  in  every  way.  This  conduit,  which  is  0  feet  0  inches  in  diam- 
eter, was  crushed  together  at  the  crossing. 

The  Searsville  dam,  a  structure  similar  to  the  San  Andreas  earth 
dam,  1  mile  east  of  the  fault  line  and  parallel  to  it,  was  also  found 
to  be  uninjured. 

Very  little  damage  was  done  to  the  pumping  stations,  and  the  steel 
standpipes  of  this  company  were  not  injured.  The  Lake  Honda 
reservoir  was  slightly  damaged  by  a  crack  in  its  concrete  lining.  No 
damage  was  done  to  the  Alameda  Creek  supply,  except  to  the  con- 
nection at  the  Belmont  pumping  station. 

The  concrete  dam  near  San  Mateo,  at  the  lower  end  of  Crystal 
Springs  Lake,  parallel  to  the  fault  line  and  a  few  hundred  feet  east 
of  it,  was  undamaged.  This  dam,  a  \'iew  of  which  is  given  in  PI. 
XI,  5,  is  built  of  large  blocks  of  concrete,  thoroughly  keyed  together 
and  molded  in  place,  each  block  containing  between  200  and  300  cubic 
feet.  The  dam  is  080  feet  long,  with  a  present  height  of  146  feet. 
When  completed  it  will  be  170  feet  high,  176  feet  thick  at  the  base, 
and  25  feet  thick  at  the  top.  It  is  arched  upstream  to  a  radius  of 
637  feet. 

The  clay-core  earth  dam  of  the  upper  Crystal  Springs  Lake  lies 
across  the  fault  line  at  nearh^  right  angles.  This  dam  is  now  main- 
tained as  a  county  causeway,  equalizing  pipes  having  been  placed 
through  it.  At  the  time  of  the  earthquake  the  water  was  at  the  same 
height  on  each  side,  and  the  absence  of  any  "  head  "  made  it  impos- 
sible to  tell  the  extent  of  the  damage.  The  dam  moved  about  iS  feet, 
however,  this  fact  being  shown  clearly  by  an  offset  of  that  amount  in 
the  fence  which  runs  across  it.  The  roadway  over  the  dam  also 
shows  the  same  offset,  although  not  so  clearly. 

The  water  supply  of  San  Francisco,  as  compared  with  that  of  other 
cities,  was  fairly  good  and  had  a  rated  capacity  of  36,000,000  gallons 
per  day.  The  failure  to  control  the  fire  by  reason  of  the  crippling 
of  the  water  supply  was  not  due  to  the  failure  of  the  system  outside 
of  the  city,  but  to  the  breaks  in  the  distributing  mains  within  the 
city,  which  rendered  unavailable  about  80,000,000  gallons  of  water 
stored  within  the  city  limits.  These  breaks  occurred  (see  the  map, 
PI.  LVI)  wherever  the  pipes  passed  through  soft  or  made  ground. 
No  breaks  occurred  where  the  cast-iron  pipe  was  laid  in  solid  ground 
or  rock.  It  is  evident  that  in  earthquake  countries  water-supply 
pipes,  at  least,  should  be  so  lai?l  as  to  avoid  the  action  of  slips,  set- 
tling, and  ground  movements  of  all  kinds.  The  pipe  lines  should 
also  be  arranged  with  gates  and  by-passes,  making  it  possible  to  cut 
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out  any  portion  of  the  system  which  may  become  crippled.  There 
should  also  be  some  means  of  preventing  the  loss  of  water  which  is 
occasioned  by  breaks  in  the  house  service  pipes. 

IVTiile  one  of  the  main  conduits  was  badly  damaged  wherever  it 
crossed  the  fault,  this  damage  was  no  greater  than  that  done  to  any 
other  structure  that  was  situated  at  the  fault  line.  Structures  so 
located  were  torn  apart,  the  gap  in  the  case  of  a  fence  (PL  1,  B)  or 
road  (PI.  I,  .4)  being  from  0  to  20  feet,  according  to  local  conditions. 
In  the  country  around  Fort  Eoss  there  were  many  trees  located  on 
the  fault  that  showed  the  effect  of  the  slip.  Great  redwood  and 
pine  trees  were  either  twisted  out  of  normal  position  or  split  (PL  II) 
from  the  roots  up  for  distances  of  35  feet  or  more,  even  when  per- 
fectly sound.  This  splitting  action  was  due  to  the  earth  on  the  west 
of  the  line  of  faulting  moving  the  roots  on  that  side,  a  motion  which 
tended  to  pull  the  tree  apart.  IMiere  the  tree  had  some  defect  or 
was  unsound  (as  from  dry  rot)  the  action  was  even  more  marked 
and  the  destruction  much  greater.  Redwood  trees  gi-ow  to  great 
heights  and  are  perfectly  straight,  and  to  find  one  out  of  plumb  is 
very  unusual. 

Another  interesting  example  of  the  effect  of  the  slip  along  the 
line  of  the  fault  is  afforded  by  the  Southern  Pacific  Railroad  bridge 
over  Pajaro  River  near  Chittenden  station.  This  bridge  crosses  the 
fault  obliquely  at  a  very  acute  angle — about  10°.  It  consists  of  two 
girder  shore  spans  of  50  feet  each  and  three  Pratt  truss  river  spans 
of  about  100  feet  each.  The  piers  and  abutments  are  built  ^of  con- 
crete, with  granite  coping  and  bridge  seats  (PL  Xt,  ^4).  The  bridge 
was  badly  racked  by  the  movement  of  the  earth,  which  dragged 
the  piers  and  abutments.  The  movement  of  the  south  abutment 
was  about  24  inches,  a  distance  sufficient  to  leave  the  girder  with- 
out support.  The  ground  also  moved  a  greater  distance  than  the 
abutment — perhaps  8  or  10  inches  farther.  The  movement  of  the 
earth  tending  to  pull  the  piers  from  under  the  trusses  was  resisted 
by  the  anchor  bolts,  resulting  in  a  cracking  of  the  piers,  appar- 
ently on  the  lines  marking  the  different  daily  batches  of  concrete 
used  in  constructing  them.  The  granite  caps  were  moved  out  of 
position  and  many  of  them  cracked,  and  the  anchor  bolts  were  twisted 
and  bent.  The  bridge  was  put  into  service  by  the  construction  of  a 
timber  support. 

In  the  vicinity  of  Los  Gatos,  where  the  line  of  faulting  passes 
through  the  Santa  Cruz  Mountains,  it  crosses  the  first  tunnel  of  the 
narrow -gage  railroad  to  Santa  Cruz  near  Wrights.  In  this  tunnel 
a  portion  of  the  loose  roof,  of  shale  on  a  layer  of  serpentine  or  soap- 
stone,  ca*ed  in,  completely  closmg  the  tunnel.  A  house  on  this  fault 
line  near  Wrights  was  split  in  twain,  the  movement  of  the  earth 
throwing  the  west  side  of  the  house  from  its  foundation  (PL  X,  B). 
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The  Saratoga  reservoir  of  the  San  Jose  Water  Company  lies  in  a 
saddle  of  the  Santa  Cruz  Mountains  l)etween  Saratoga  and  Los  Gatos, 
and  the  fault  line  erosses  it  at  right  angles,  the  cracks  extending 
through  the  body  of  the  dam.  The  reservoir  was  full  at  the  time, 
but  there  was  no  apparent  loss  of  head. 

As  already  stated,  in  the  country  bordering  the  line  of  faulting  the 
damage  done  was  greater  in  soft  or  alluvial  soil  or  made  ground. 
Most  wooden  water  tanks  on  low  supports  were  wrecked,  not  only  in 
the  vicinity  of  the  fault  line  but  throughout  the  affected  zone,  the 
failure  being  due  to  a  lack  of  lateral  bracing  of  the  trestle  support. 
Chimneys  generally  collapsed,  the  cause  being  the  unequal  movement 
of  the  inelastic  brickwork  and  the  usually  elastic  frame  structure 
surrounding  it.  Wooden  buildings  on  good  foundations  stood  well,  the 
chief  damage  being  to  the  chinnieys  and  plastering.  The  alluvial 
or  soft  soil  forming  the  banks  of  rivers  generally  moved  toward  the 
river  under  the  earthquake  vibrations,  the  settling  of  the  ground 
being  most  marked  (PL  VITI,  B).  The  country  in  the  vicinity  of 
Salinas  River  presented  interesting  features  of  this  character.  The 
county  road  crosses  the  river  near  Salinas  on  a  wooden  bridge,  and 
the  slipping  of  the  banks  carried  the  south  abutment  G  feet  toward 
the  river.  The  ground  was  badly  cracked  and  there  were  a  immlx»r  of 
slips  in  the  neigh lx)rhood.  The  road  leading  to  Spreckels's  sugar 
mill,  4  miles  south  of  Salinas,  was  also  greatly  damaged  by  the  slips. 
Spreckels's  sugar  mill  (PI.  XII,  .1)  is  located  on  soft  alluvium.  The 
main  building,  which  is  500  feet  long,  is  said  to  be  the  largest  sugar 
mill  in  the  world.  The  vibrations  of  the  earth  jarred  the  brickwork 
loose  at  the  end  of  the  building,  which  buckled  in  the  middle,  where 
there  were  no  floors  above  the  second  floor.  The  damage  to  other 
buildings  was  also  extensive.  The  town  of  Salinas  itself  was  severely 
shaken.  The  high-school  building  and  some  of  the  buildings  on  the 
main  street  were  damaged,  chimneys  were  thrown  down,  and  a  water 
tank  of  the  Southern  Pacific  Railroad,  supi)orted  on  a  steel  trestle 
near  the  station,  collapsed. 

Along  the  Bay  of  Monterey  the  Avhole  shore  slipped  about  12  feet 
into  the  bay,  the  movement  buckling  the  rails  on  a  railroad  trestle 
and  the  cars  dropping  about  5  feet.  A  frame  house  and  surroundings 
moved  12  feet,  still  maintaining  their  relative  positions.  In  Mon- 
terey the  principal  damage  was  in  the  loss  of  chimneys  and  cracking 
of  plaster. 

At  San  Jose,  located  on  the  soft  alluvium  of  the  Santa  Clara 
Valley,  the  destruction  was  extensive.  The  post-office,  a  very  sub- 
stantial building,  lost  its  tower,  which  was  laid  up  in  lime  mortar, 
and  was  deficient  in  lateral  bracing.  The  walls  were  of  innck  with 
a  4-inch  or  0-inch  stone  veneer,  and  there  was  a  wooden-framed  slate- 
covered  apex.  The  collapse  of  the  tower  damaged  the  pavement,  and 
7171— Bull.  324—07 3 
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to  some  extent  the  building  itself.  The  damage  to  the  hall  of 
records,  along  the  end  walls,  was  due  entirely  to  defective  construc- 
tion. The  Hall  of  Justice  (PI.  XII,  B)^  which  was  completed  in 
1905,  had  the  wall  along  the  cornice  line  thrown  down.  The  reen- 
forced-concrete  roof  contributed  no  little  to  the  support  of  the  walls 
of  the  building,  and  had  the  stonework  been  less  heavy  and  of  l:)etter 
quality  the  damage  probably  would  not  have  been  so  extensive.  The 
high  school  (PL  XIII,  B)^  a  flimsy  structure  of  brick  with  wooden 
frame,  was  so  badly  wrecked  that  it  had  to  be  torn  dow^n  as  a  matter  of 
safety.  The  destruction  of  the  Buildings  along  First  street,  the 
principal  business  thoroughfare,  was  also  extensive.  Lime  mortar, 
flimsy  framing,  poor  design,  and  lack  of  tie  between  floor  and  roof 
members  and  walls  were  the  causes  of  these  failures. 

Perhaps  the  worst  example  of  poor  design,  bad  workmanship, 
and  poor  materials  in  the  earthquake  territory,  except  in  the  city 
of  San  Francisco,  is  the  insane  asylum  at  Agnew,  about  6  miles 
northw^est  of  San  Jose,  consisting  of  a  main  building  surrounded  by 
a  number  of  others — all  flimsily  constructed  brick  structures  with 
timber  frames.  The  construction  of  these  buildings,  with  their 
thin  walls  (in  many  places  devoid  of  mortar)  and  light,  insufficient 
wooden  framing,  indicates  a  criminal  negligence  that  is  appalling. 
One  hundred  and  seventeen  patients  and  attendants  lost  their  lives, 
principally  from  the  fall  of  the  central  tower  of  the  main  building. 
The  brick  stack  of  the  power  plant  and  the  towers  of  surrounding 
buildings  collapsed.  In  the  farmyard  near  by  is  a  water  tank 
supported  on  a  wooden  trestle.  This  tank  moved  about  10  inches, 
while  less  than  a  stone's  throw  away  are  four  water  tanks  supported 
bv  a  diagonally  braced  steel  trestle,  which  were  undamaged  (PL 
XIII,  .4). 

The  most  interesting  ruins  are  those  of  the  Leland  Stanford  Junior 
University,  at  Palo  Alto,  6  miles  east  of  the  fault  line.  These  build- 
ings were  on  a  soft  soil  and  were  therefore  subjected  to  the  severest 
earthquake  conditions;  and  as  they  represent  several  different  types 
of  construction  they  afford  a  profitable  study  in  the  earthquake- 
resisting  power  of  various  structures  and  structural  materials.  The 
destruction  w^as  very  great,  most  of  the  buildings  being  w^holly  or 
partially  destroyed. 

Three  types  of  wall  construction  were  represented — (1)  solid 
stone,  (2)  brick  and  stone  veneer,  and  (3)  reenforced  concrete.  The 
buildings  of  the  first -mentioned  type,  which  were  erected  by  Senator 
Stanford  by  day  labor,  were  examples  of  good  substantial  work,  and 
the  damage  to  them  was  not  so  great.  The  stone-veneer  buildings 
represent  a  later  type,  resorted  to  as  a  matter  of  cheapness,  and  suf- 
fered the  most.  The  third  type,  of  reenforced  concrete,  sustained 
practically  no  damage.    The  stone-veneer  buildings  have  a  4-inch  or 
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6-inch  face  of  stone,  poorly  bedded,  containing  a  large  percentage  of 
spalls,  the  lime  mortar  being  of  good  quality.  The  construction  is 
fairly  common  in  other  parts  of  the  country.  The  roof  trusses  were 
not  anchored  to  the  walls,  but  to  a  great  extent  were  butted  against 
the  walls;  the  floor  joists  rested  in  the  walls  and  were  not  tied. 
Under  the  vibrations  the  walls  were  pushed  out  of  plumb  and,  having 
no  proi>er  connection  with  the  floor  and  roof  members,  collapsed. 

The  gymnasium  and  library  presented  interesting  features.  The 
dome  of  the  library  was  supported  by  a  skeleton  of  steel,  and  although 
the  surrounding  walls  collapsed,  this  dome  was  not  damaged  (PI.  XV, 
.1).  The  g\'mnasium  dome  rested  on  intermediate  brick  walls,  which 
collapsed  with  the  dome  (PI.  XV,  B). 

The  boys'  dormitory  (Encina  HaU)  was  built  of  stone,  and  was  one 
of  the  buildings  erected  by  Senator  Stanford.  The  chimneys  of  this 
structure  collapsed  and  crashed  through  the  roof  and  floors,  killing  one 
student  and  injuring  several  others.  The  w^alls  themselves  were  but 
slightly  cracked.  The  girls'  dormitory  (Roble  Hall)  had  walls  of 
reenforced  concrete  with  wooden  floors.  The  chimneys  on  this  struc- 
ture also  collapsed,  but  no  other  damage  was  done,  the  walls  being  left 
intact,  without  any  cracks. 

The  memorial  arch  (PI.  XVI)  was  a  poorly  designed  structure, 
100  feet  high,  with  stone- veneered  walls.  The  structure  above  the 
arch  ring  was  hollow,  and  an  attempt  had  been  made  to  stiffen  it  by 
the  use  of  a  number  of  I  beams.  These  beams  were  not  tied  to  the 
stonework,  but  simply  rested  upon  it,  and  under  the  action  of  the 
earthquake  they  became  battering  rams  and  helped  to  accomplish  the 
destruction  of  the  arch.  The  arch  as  first  designed  was  75  feet  high, 
and  it  will  be  noted  that  the  earthquake  reduced  it  to  the  height  orig- 
inally intended  (PL  XVI,  B). 

The  memorial  chapel,  one  of  the  most  beautiful  buildings  in  this 
country,  was  almost  completely  wrecked  (PI.  XVII,  B)  by  the  col- 
lapse of  the  tower.  A  platform  of  steel  beams  had  been  placed  under 
the  clock  as  a  precaution  against  the  chance  falling  of  the  pendulum, 
and  this  platform  saved  the  clock.  The  damage  done  to  the  mosaic 
work  and  the  interior  decoration  is  probably  irreparable. 

The  chemical  laboratory  was  damaged  by  falling  chimneys,  and 
gable  walls  were  pushed  out  and  suffered  considerable  damage  by  the 
collapse  of  the  assay  stack.  The  plastering  was  also  badly  cracked. 
Great  damage  was  also  wrought  in  the  power  plant  of  the  mechanical 
engineering  department  by  the  falling  of  the  stack. 

The  quadrangle,  or  main  academic  portion  of  the  university,  was 
built  by  day  labor  and  was  a  fair  piece  of  work.  The  cloister  (PI. 
XVIII,  B)  suffered  considerably,  the  bases  and  caps  of  the  columns 
being  spalled  and  chipped,  indicating  that  they  must  have  Ix^en  sub- 
jected to  a  rocking  motion.    The  arches  apparently  opened  up,  for  in 
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a  number  of  them  the  arch  stones  had  dropped  partly  out  of  place. 
The  department  of  geology  (PL  XVIII,  .1),  the  newly  completed  end 
of  the  quadrangle,  suffered  the  greatest  damage;  many  of  the  walls 
will  have  to  be  rebuilt,  having  IxH^n  either  cracked  very  badly  or 
destroyed  entirely.  The  plastering  was  badly  cracked  and  showed 
the  outline  of  each  sheet  of  metal  lath.  Where  reenforced  concrete 
was  used  the  ceilings  were  free  from  cracks. 

The  most  interesting  building  is  the  museum  (PL  XIV,  .1),  which 
consists  of  a  central  pavilion  of  reenforced  concrete  and  wings  of 
brick  plastered  with  cement  mortar.  The  columns  of  the  cH»ntral 
pavilion  are  solid  concrete,  having  lxH?n  cast  in  place.  This  building 
had  wooden  floors.  The  wings  were  wrecked  by  the  eartlupiake,  but 
the  central  pavilion  escaped  injury,  although  its  contents  were  more 
or  less  damaged,  principally  by  being  shaken  from  their  positions. 

Although  the  destruction  at  Stanford  University  was  very  great, 
the  character  of  construction  was  fair  and  did  not  suffer  by  com- 
parison with  that  used  in  other  parts  of  the  country.  The  excellent 
qualities  of  reenforced  concrete  and  its  ability  to  withstand  earth- 
quake shock  were  strongly  demonstrated. 

The  town  of  Palo  Alto  suffered  considerably  from  the  earthquake. 
Chimneys  were  generally  thrown  down.  A  numl)er  of  buildings 
were  wholly  or  partly  wrecked,  the  causes  of  the  failures  being 
similar  to  those  in  other  sections,  consisting  largely  of  defects  in  de- 
sign, lack  of  adequate  bracing,  poor  mortar,  and  bad  workmanship. 
Three  concrete-block  buildings  were  either  wholly  or  partly  destroyed 
and  have  especial  interest,  since  they  have  been  cited  as  evidence  of 
the  failure  of  concrete  blocks.  Two  of  these  buildings  are  located  on 
Alma  street  opposite  the  station  and  on  opposite  sides  of  University 
avenue — the  Thiele  Building  (PL  XVII,  ^)5  a  partially  completed 
three-story  structure,  which  was  entirely  wrecked,  and  the  Fuller 
Building,  a  two-story  structure,  which  also  collapsed.  The  concrete- 
block  walls,  13  inches  thick,  laid  in  cement  mortar,  were  not  braced 
in  any  way — the  joists,  1 J  by  13,  simply  resting  upon  the  w^all.  A\Tien 
the  building  vibrated,  the  wall  was  pushed  out  and  collapsed  because 
there  was  nothing  to  restore  it  to  its  normal  position.  This  defect 
was  more  clearly  showji  in  the  one-story  building  of  Vandervoort 
Brothers  (PL  XIX,  B),  in  which  the  roof  truss  was  simply  butted 
against  the  block  wall  without  tie  or  other  connection. 

At  Santa  Rosa  the  destruction  was  greater  than  in  any  other  section 
affected  by  the  earthquake,  and  the  fire  that  followed  completely 
wiped  out  the  business  section  of  the  town,  which  suffered  a  greater 
proportionate  total  loss  than  San  Francisco.  A  concrete-block  build- 
ing (PL  XIX,  .1)  in  this  town  escaped  with  slight  damage  at  the 
cornice  only,  where  the  blocks  were  thrown  down,  the  reason 
being  that  the  w^alls  were  tied  to  the  roof  timbers  by  tie-rods  which 
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held  the  walls  and  roof  together  and  made  them  move  as  a  unit. 
The  cornice  was  rebuilt  before  the  view  was  taken.  While  buildings 
of  brick  and  stone  collapsed  all  around  this  one,  it  received  practi- 
cally no  damage  and  demonstrated  that  structures  that  will  success- 
fully withstand  earthquake  shock  can  be  built  of  concrete  blocks. 
The  other  buildings  at  Santa  Rosa  did  not  present  any  interesting 
features,  as  they  were  mostly  defective  in  design  and  workmanship 
and  the  material  was  generally  poor.  The  city  hall,  the  court-house 
(PI.  XIV,  5),  the  Masonic  Temple,  the  Keegan-Brush  Building,  and 
the  St.  Rose  Hotel  were  all  completely  w^recked,  and  added  their 
testimony  against  poor  mortar  in  brickwork,  light  wooden  frames, 
and  insufficient  bracing. 

Towns  like  Berkeley  and  Oakland  did  not  suffer  as  greatly  from 
the  earthquake  as  many  neighboring  towns,  the  reason  lying  in  the 
fact  that  these  towns  are  built  on  solid  ground  or  on  rock.  In  Berke- 
ley, while  chimneys  were  shaken  down,  there  w  as  no  extensive  earth- 
quake damage.  The  (xreek  Theater,  a  massive  structure  of  concrete, 
was  uninjured.  In  Oakland,  however,  greater  destruction  occurred. 
Just  outside  of  Oakland  is  located  the  Mills  College  for  Girls.  The 
science  building  had  brick  walls  plastered  with  cement  mortar, 
and  was  considerably  damaged  by  the  shaking  it  received  and  the 
falling  chimneys.  The  building  had  wooden  floors  and  was  con- 
siderably racked,  the  walls  being  pushed  out  slightly.  Within  a  few 
feet  is  the  bell  tower  (PI.  XX,  B),  a  reen  forced -concrete  structure 
80  feet  lifgh  with  walls  4  inches  thick,  which  was  not  damaged  in  the 
slightest  degree. 

co:n^ditions  ix  san  francisco. 

general  earthquake  conditions  and  effects. 

Within  the  city  of  San  Francisco  (see  the  map,  PI.  LVI)  the  havoc 
wrought  by  the  earthquake  depended  on  the  character  of  the  con- 
struction and  its  foundation.  Bordering  San  Francisco  Bay,  from 
Telegraph  Hill  to  Mission  Creek,  the  land  consists  of  nuid  flats,  which 
have  bt»en  gradually  filled  in,  and  on  this  land  many  large  com- 
mercial buildings  had  been  erected,  among  others  Ixiing  the  Union 
Ferry  building,  the  post-office,  the  mint,  and  the  custom-house. 
Adjoining  this  filled  land  was  comparatively  level  ground  composed 
of  sand  and  clay  formed  by  the  wearing  away  of  the  hillsides  and  by 
the  incoming  sand  from  the  seacoast — a  fringe  of  soil  on  which  were 
located  many  of  the  principal  buildings.  From  Telegraph  Hill 
southwestward  along  Russian  Hill  to  Sutro  Heights  runs  a  ridge  of 
rocky  hills  composed  of  indurated  clay  shale,  with  serpentine  and 
other  rocky  formations  on  their  highest  summits. 
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The  signs  of  destruction  wrought  by  the  earthquake  in  the  city  of 
San  Francisco  were  more  or  less  obscured  or  in  many  places  entireh 
obliterated  by  the  fire.  The  best  evidence  of  the  earthquake  can 
therefore  be  obtained  outside  the  burned  district,  and  the  following 
notes  cover  the  most  important  examples  of  damage  due  to  the 
earthquake  alone. 

As  in  districts  outside  of  San  Francisco,  the  greatest  damage  w^as 
done  to  those  structures  having  insufficient  foundations  built  on  soft 
alluvium  or  filled  ground.  The  settling  of  the  ground  in  the  mud 
flats  along  San  Francisco  Bay  and  of  the  filled  ground  in  old  wat-^r 
courses  was  accompanied  wnth  gi'eat  destruction.  It  was  in  such 
ground  that  the  greatest  number  of  breaks  occurred  in  the  cast-iron 
gas  and  w^ater  mains  and  the  sewers.  The  breaks  in  the  sewers  were 
not  so  evident  as  those  in  the  gas  and  water  mains,  for  the  reason  that 
the  latter  were  under  pressure  and  breaks  in  them  resulted  in  breaks 
in  the  streets  themselves.  The  most  noticeable  destruction  resulting 
from  the  settling  of  soft  or  filled  ground  occurred  in  Howard  and 
Shotwell  streets  between  Seventeenth  and  Eighteenth  streets,  Bryant 
street  betwen  Ninth  and  Tenth  streets,  Dore  street  between  Bryant 
and  Brannan  streets  (PI.  VI,  ^4),  and  at  the  corner  of  Seventh 
and  Mission  streets.  The  settling  was  greatest  in  Howard,  Dore,  and 
Bryant  streets,  being  in  Dore  street  at  least  5  feet. 

On  solid  ground  the  earthquake  had  a  rocking  effect  which  pro- 
duced X  cracks  (PI.  XXII,  ^)  in  the  brick  or  stone  walls  of  those 
buildings  which  were  deficient  in  diagonal  bracing.  This  w^as  espe- 
cially true  in  the  upper  stories  of  tall  buildings,  the  cracks  generally 
appearing  in  the  piers  between  window^s  or  around  doorways.  The 
brick  curtain  walls  of  buildings  well  braced  diagonally,  brick  w^alls 
reenforced  with  band  iron,  and  w^ell-buttressed  brick  walls,  as  in  such 
old  structures  as  the  Palace  Hotel,  Sailors'  Home,  St.  Mary's  Hos- 
pital, Synagogue  Emanuel  (PI.  XXI,  B).  and  others,  and  w^alls  of 
reenforced  concrete  proved  best  adapted  to  withstand  this  rocking 
action.  The  Palace  Hotel  was  stiifened  with  cross  walls  in  addition 
to  the  band-iron  reenforcement  in  tlie  brickwork,  and  is  in  good  con- 
dition as  far  as  earthquake  eifects  are  concerned.  It  was  completely 
gutted  by  fire,  however  (Pis.  XXX,  B;  LII,  B)^  being  a  nonfire- 
proof  structure  with  wooden  floors  and  roof  which  yielded  readily. 

Weak  and  flimsy  framing,  insufficient  bracing,  and  poor  mortar 
were  the  cause  of  most  of  the  failures  in  San  Francisco.  The  Albert 
Pike  Memorial,  a  recently  completed  building  on  Geary  street  west 
of  Filhnore,  was  seriously  damaged,  and  so  also  was  the  adjoining 
Jewish  synagogue  (PI.  XXI,  .4),  which  had  not  been  quite  completed. 
Woih  buildings  are  examples  of  defective  design  and  workmanship. 
In  the  girls'  high  school  the  damage  to  the  brick  walls  resulted  from  a 
lack  of  proj)er  tie  between  the  floor  and  roof  timbers  and  the  walls 
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and  the  poor  quality  of  the  mortar  used  in  the  brickwork.  Again, 
in  the  Hahnemann  Medical  College,  on  California  street  near  Maple 
street,  the  destruction  of  the  end  walls  was  the  result  of  bad  design, 
the  roof  trusses  butting  against  the  walls  and  the  floor  timbers  resting 
upon  the  walls  without  adequate  tie.  The -poor  quality  of  the  mor- 
tar permitted  a  ready  disintegration  of  the  brick-veneered  walls, 
although  some  band  iron  had  been  used  for  the  purpose  of  strength- 
ening them.  The  Cathedral  of  St.  Dominic,  with  its  high,  unbraced 
brick  walls  and  its  peculiar  wood-sheathed  spires,  also  proved  a 
victim  of  poor  design  and  workmanship;  the  sheathing  on  the  spires 
was  shaken  off  and  the  collapse  of  the  walls  resulted  in  extensive 
damage  to  the  interior. 

In  interesting  contradistinction  to  these  failures  was  the  Sailors' 
Home,  erected  in  1858  for  use  as  a  marine  hospital  and  condemned 
as  unsafe  after  the  earthquake  of  18()8.  Its  heavy  brick  walls,  reen- 
forced  with  band  iron  and  further  stiffened  l)y  cross  walls  thoroughly 
l)onded,  are  in  excellent  condition.  The  building  rests  upon  rock 
and  the  framing  is  excellent;  the  rafters  are  fastened  to  a  wall 
plate  which  ties  the  walls,  causing  the  structure  to  move  as  a  unit. 
The  only  cracks  occurred  where  partition  walls  which  had  been  added 
were  shaken  loose  from  the  main  walls  and  around  the  archways 
leading  to  the  main  stairway  on  the  second  and  third  floors,  where 
no  extra  stiffening  of  the  walls  had  been  provided.  The  building  in 
all  other  respects  suffered  no  damage,  there  being  no  new  cracks 
apparent  in  the  exterior  walls. 

The  old  red-tiled  Spanish  Mission  Dolores  (PL  XXIII,  B),  built 
in  1777,  with  its  adobe  walls  and  wooden  frame,  was  not  injured, 
while  its  more  modern  successor  was  greatly  damaged.  The  com- 
plete collapse  of  the  tower  of  the  new  Mission  Dolores  was  not 
brought  about  directly  by  the  earthquake,  but  the  damage  was  such 
that  the  tower  had  to  be  taken  down,  as  shown  in  PI.  XXIII,  B, 

The  group  of  buildings  comprising  the  plant  of  the  San  Francisco 
Gas  and  Electric  Light  Company,  built  on  the  soft  gi-ound  along 
San  Francisco  Bay  just  west  of  Fort  Mason,  was  badly  shaken,  and 
none  of  the  buildings  escaped  damage.  The  coHa])se  of  the  stack 
wrecked  the  light  slate-covered  iron  roof  of  the  power  house  and 
started  the  fire  that  destroyed  the  roof  of  the  boiler  house.  The 
ground  settled  very  considerably  under  the  vibrations  of  the  earth- 
quake, and  further  destruction  was  caused  by  the  unequal  scuttling 
of  the  building.  The  main  shock  appeared  to  come  from  the  north, 
and  the  north  walls  received  the  greatest  damage.  The  end  wall  of 
the  retort  house  was  pushed  out  1  foot  at  the  center,  but  was  saved 
from  collapse  by  the  tie-rods  which  held  it  to  the  roof  truss.  Th^ 
walls  were  cracked  at  the  northwest  and  northeast  corners.  The 
scrublx^r  and  gas-tar  holder  houses  were  wrecked,  the  heavy  vroothMi 
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roof  trusses  collapsing.  Nearly  every  wall  was  moved  slightly,  but 
the  hrickwork  was  generally  very  gcjod,  and  apparently  had  cement  in 
it.  The  exhaust  house  had  three  intermediate  walls,  18  inches  thick 
at  the  top.  The  north  wall  and  the  next  one  fell  into  the  building, 
the  side  walls  being  pushed  out  0  inches.  The  building  had  wooden 
roof  trusses  and  the  north  truss  cracked  at  the  center  mortise.  The 
floor  settled  badly  around  the  condensers.  The  gas  holder  collapsed 
from  the  sudden  release  of  tlie  gas  due  to  a  break  in  the  mains.  The 
trestle  pier  extending  into  the  bay  also  collapsed. 

Most  of  the  structures  built  on  piles  along  the  bay  suffered  consid- 
erable damage,  especially  the  frame  sheds  on  the  wharves.  The 
Union  Ferry  Building  (PI.  XLVI,  A),  the  terminus  for  all  the  fer- 
ries plying  on  the  bay,  is  built  on  piles.  It  was  more  seriously  dam- 
aged by  the  earthquake  than  would  appear  at  first  sight,  and  barely 
escaped  the  fire  also.  It  is  of  interest  to  consider  in  some  detail  the 
behavior  of  this  structure  under  the  action  of  the  e<\rthquake.  The 
ten-story  tower  was  so  seriously  damaged  as  to  require  the  removal  of 
the  nuisonry  walls,  and  will  probably  have  to  be  rebuilt.  This  tower 
consists  of  a  steel  frame  which  was  inclosed  with  heavy  sandstone 
walls  hacked  with  brick  for  several  of  the  lower  stories,  and  with 
sheet  metal  above.  The  floors  above  the  masonry  part  were  of  stone 
concrete  reenforced  with  expanded  metal  between  I  beams.  The  brick 
walls  were  badly  shattered,  and  a  large  section  was  thrown  out  just 
below^  the  clock  on  the  west  front,  while  on  the  east  front  a  large  mass 
fell  through  the  skylight  onto  the  upper  story  of  the  main  building. 
There  were  but  few  cracks  in  the  north  and  south  walls.  The  steel 
time-ball  staff  was  l)adly  bent,  indicating  a  considerable  movement  of 
the  top  of  the  tower,  probably  resulting  from  the  first  shock.  The 
steel  work  was  severely  racked,  the  greatest  damage  iKMng  just  below 
the  middle.  Some  of  the  diagonal  braces  were  sagged,  having  been 
stretched  beyond  their  elastic  limit  (PI.  XLVI,  B).  Tn  the  southeast 
corner  of  the  third  story  the  bottom  and  top  loops  of  one  of  the  2-inch 
square  diagonals  were  pull(»d  apart,  and  several  of  the  rivets  in  the 
angle  connection  were  sheared  ofl';  in  the  southwest  corner  also  the 
to])  diagonal  loop  pulled  apart,  the  diagonal  InMiig  considerably  l)ent ; 
in  the  northwest  corner  seven  of  the  eight  ^-inch  rivets  in  the  angle 
of  the  connection  for  the  diagonals  were  sheared  off  (PI.  XLVII,  ^)  ; 
and  in  the  northeast  corner  all  but  2  inches  of  the  top  angle  was 
sheared,  and  the  north  diagonal  was  bent,  the  loop  having  been  pulled 
apart.  On  the  second  floor,  in  the  northeast  corner,  the  top  east 
diagonal  connection  pulled  away,  shearing  the  rivets;  in  the  south- 
east corner  the  top  angle  of  tlie  diagonal  connection  slieared  for 
about  2  inches,  and  four  of  the  1-inch  rivets  holding  the  cover  plate 
of  the  southwest  column  (PI.  XLVII,  .1)  were  sheared,  as  were  also 


Digitized  by  VjOOQIC 


GENERAL  EARTHQUAKE   CONDITIONS  AND   EFFECTS.  29 

two  of  the  rivets  holding  the  clip  support  for  the  west  girder.  The 
floor  of  the  main  building  consisted  of  groined  arches  of  stone  con- 
crete springing  from  concrete  piers  supported  by  cluster  piles.  The 
self-supporting  walls  of  sandstone  backed  with  brick  were  more  or 
less  shaken,  and  the  piers  of  the  driveways  were  badly  cracked;  the 
floors  were  of  stone  concrete  reen forced  with  expanded  metal  between 
I  l^eams  and  supported  by  cast-iron  columns.  The  concrete  in  this 
building  appeared  to  be  undamaged. 

Most  of  the  entrances  to  the  cemeteries  were  wholly  or  partially 
wrecked,  and  the  burial  vaults  and  gravestones  were  all  more  or  less 
disarranged.  It  has  been  estimated  that  perhaps  00  per  cent  of  the 
monuments,  vaults,  etc.,  in  cemeteries  were  overturned  or  moved. 

In  Golden  Gate  Park  nearly  every  stone  or  brick  structure  was 
damaged.  The  emergency  hospital,  a  single-story  brick  and  stone- 
veneered  building,  lost  its  gable  walls  and  was  damaged  in  the  same 
manner  as  other  structures  having  improperly  bonded  walls  laid  in 
lime  mortar,  and  deficient  in  proper  ties  between  the  masonry  and  the 
other  structural  parts.  The  gable  walls  of  the  restaurant  in  the 
children's  playground  were  thrown  down  by  the  earthquake,  but 
the  greatest  damage  resulted  in  the  settling  of  the  foundation  of  one 
of  the  columns,  which  caused  the  collapse  of  the  structure.  The 
music  stand,  a  stone- veneer  brick-backed  structure,  was  racked  and 
shaken.  Part  of  the  pediment  was  shaken  loose,  and  many  of  the 
columns  were  spalled  and  moved.  Some  of  the  walls  of  the  museum 
were  thrown  down,  and  its  contents  were  more  or  less  damaged. 
All  the  monuments  were  damaged.  The  Francis  Scott  Key  monu- 
ment (PI.  XX,  ^1)  was  racked  so  badly  that  the  arch  stones  were 
shaken  loose,  the  columns  spalled  at  cap  and  base,  and  the  monument 
as  a  whole  moved  on  its  foundations. 

The  most  interesting  structure  in  Golden  Gate  Park  is  the  cyclo- 
rama  (PI.  XXIII,  ^1),  on  the  top  of  Strawberry  Hill,  built  about 
fifteen  years  ago.  The  top  of  the  hill  had  been  leveled  off  in  order  to 
form  a  foundation.  The  cyclorama  consisted  of  circular  walls  of 
reenforced  concrete,  the  aggregate  of  which  was  a  hard  shale  crushed 
to  concrete  size.  This  material  was  very  inferior  and  yielded  a  poor 
concrete.  The  reddish-brown  effect  Avas  obtained  by  means  of  a 
veneer  (1|  to  4  inches  thick)  of  a  concrete  consisting  of  crushed  brick, 
sand,  and  cement.  The  reenforcement  in  the  base*  consisted  of  four 
|-inch  cables  of  thirty  strands  each.  The  reenforcement  of  the 
columns  consisted  of  ^-ii^c^h  twisted  bars  and  ^-inch  stirrups.  The 
entrance,  with  its  very  heavy,  massive  top,  should  have  Ix^en  of  hol- 
low-construction reenforced  concrete.  The  settling  of  the  foundation 
or  fill  undqr  the  vibration  of  the  earthquake  caused  the  structure  to 
collapse.  The  slip  (PI.  XXII,  B)  occurred  principally  on  the  north- 
east side,  the  movement  l)eing  4  or  5  feet.     The  principal  crack  in 
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the  base  was  about  11  inches  wide,  with  a  half-inch  horizontal 
crack  leading  from  it  along  the  reenforcement.  The  floor  is  in  good 
condition,  except  the  pavement,  which  broke  into  blocks,  most  of  the 
planes  of  fracture  coinciding  with  the  actual  joints  between  the  dif- 
ferent sections.  Under  the  circumstances — the  undermining  of  the 
foundation  by  the  slip  as  described — the  structure  developed  remark- 
able strength.  No  brick  or  stone  structure  could  have  stood  the  shock 
so  well.  The  rustic  railing  around  the  outside  of  the  walk  (PI. 
XXII,  fi),  which  was  of  wrought-iron  pipe  covered  with  wire  mesh 
and  plastered  with  Porthuul -cement  mortar,  was  distorted  by  the  slip, 
but  otherwise  uninjured. 

At  the  bottom  of  Strawberry  Hill  is  a  bridge  crossing  over  Stow 
Lake.  This  bridge  is  made  of  concrete,  and  showed  no  signs  of 
cracking,  although  the  banks  of  the  lake  slipped  into  the  water. 

BEHAVIOR  OF  INDIVIDUAL  STRUCTURES. 

GENERAL  STATEMENT. 

The  numerous  fires  that  broke  out  all  over  the  city  were  doubtless 
caused  by  the  collapse  of  chimneys  and  the  breaking  of  electric  con- 
nections. •These  fires  were  at  first  confined  to  the  territory  south  of 
Market  street,  and  it  is  said  that  by  8  a.  m.  on  the  morning  of  April 
18  more  than  fifty  fires  were  recorded.  The  early  failure  of  the 
water  mains  rendered  the  city  helpless  and  placed  it  at  the  mercy  of 
the  flames,  the  fury  of  which  for  three  days  threatened  to  complete 
one  of  the  greatest  disasters  of  recent  years  and  to  obliterate  one  of 
the  most  beautiful  cities  in  the  country.  The  conflagration  was 
finally  checked,  at  the  barrier  presented  by  a  wide  avenue,  by  a 
change  in  the  direction  of  the  wind  and  through  the  efforts  of  the 
fire  department,  using  water  pumped  from  the  bay  at  the  foot  of 
Van  Ness  avenue. 

San  Francisco  consisted  principally  of  frame  and  brick  structures, 
with  perhaps  forty  or  more  so-called  '"  fireproofs,"  a  few  buildings 
of  slow-burning  construction,  and  the  substantial  Government  build- 
ings. Many  of  the  buildings  contained  mercantile  stocks,  and  most 
of  them  were  exposed  to  exterior  fire  conditions  of  maximum  sever- 
ity. Since  every  type  of  construction  was  represented,  the  riiins 
afford  a  most  excellent  opportunity  for  comparative  study,  although 
the  scope  of  the  information  obtained  is  incomplete,  as  a  water  test 
is  lacking. 

In  comparing  the  behavior  of  the  various  structures  and  structural 
nuiterials  it  has  been  thought  best  to  describe  the  condition  in  whicli 
certain  individual  buildings  were  left  l)y  the  earthquake  and  fire, 
and  to  present  the  salient  features  of  these  buildings  by  illfistrations 
with   descrij)tive   legends.     The    following   descriptions,   which    for 


Digitized  by  VjOOQIC 


BEHAVIOR   OF   INDIVIDUAL   STRUCTURES.  31 

convenience  are  arranged  in  alphabetical  order,  cover  the  structures 
not  previously  mentioned  that  were  inspected  by  the  writer,  the 
total  number  embracing  nearly  every  buikling  that  was  left  stand- 
ing in  the  burned  district.  The  locations  of  these  buildings  can 
be  found  by  reference  to  the  map,  PL  LVI,  and  to  the  panorama, 
PI.  LV. 

ACADEMY   OF    SCIENCES    BUTLmNG. 

The  Academy  of  Sciences  building,  819  Market  street,  views  of 
parts  of  which  are  shown  in  Pis.  XXIV,  .1,  and  XXV,  /^,  was  of 
ordinary  concrete  construction  and  six  stories  high,  and  was  com- 
pletely destroyed. 

A  six-story  annex  having  brick  walls,  concrete-filled  cast-iron  col- 
umns, and  reen forced-concrete  floors,  was  connected  to  the  main 
building  on  the  rear.  The  brick  walls  of  the  annex  w'ere  badly 
cracked  by  the  earthquake,  and  the  building  w^as  subsequently  com- 
pletely gutted  by  fire.  The  structure  itself  passed  through  a  fairly 
hot  fire  successfully,  although  surrounded  by  buildings  which  were 
completely  wrecked.  Plaster  of  Paris  was  usc»d  on  the  concrete-filled 
cast-iron  columns  and  seemed  to  stand  fire  much  better  than  lime  mor- 
tar. These  columns  are  shown  in  PI.  XXV,  B^  a  view  ta*ken  from 
the  third  floor  looking  southeast.  An  interesting  feature  of  the 
building  was  the  concrete-filled  cast-iron  column  that  supported  the 
south  wall.  Owing  to  the  unequal  expansion  of  the  cast  iron  and  the 
concrete  the  cast  iron  failed,  bulging  from  the  heat  and  cracking  on 
cooling,  as  show^n  in  PI.  XXIV,  .4.  The  J-iuch  or  1-inch  thickness 
of  concrete  which  covered  the  reenforcing  bars  proved  insufficient  in 
the  basement,  where  the  fire  was  fairly  hot.  The  heat  expanded  the 
bars,  thereby  ripping  off  the  concrete  layer  and  leaving  the  rods 
expased. 

JETNA    (yOUNC,   or   COMMISSARY)    BUILDING. 

The  five-story  ^tna  Building  (Pis.  XXIV,  B;  XXV,  A;  XXIX, 

B)^  on  the  southwest  corner  of  Spear  and  Market  streets,  was  occu- 
pied by  the  Sellers  Brothers  Hardware  Company.  It  was  built  on 
piles  and  had  self-supporting  walls  of  gray  granite,  pressed  brick, 
and  terra  cotta.  The  steel  columns  and  girders  were  fireproofed  with 
expanded  metal,  plastered.  The  expanded-metal  reenforced-concrete 
floors  rested  upon  steel  girders  with  intermediate  ribs  of  concrete 
supported  by  H-inch  by  ^-inch  bands  of  steel  without  fireprooHug 
which  hooked  onto  the  top  flanges  of  the  girders. 

One  panel  of  the  fifth  floor,  which  was  rather  heavily  loaded  with 
tin  plate,  collapsed  l)ecause  of  the  expansion  of  the  above-mentionod 
steel  bands  from  the  heat,  which  was  sufficient  to  vohitilize  the  tin 
even  from  the  middle  sheets  of  the  pile.     The  fall  of  the  load  of  tin 
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plate  caused  the  failure  of  the  third  floor,  as  showu  in  PI.  XXIX,  B. 
The  plaster  protection  of  the  cohnnns  was  in  fair  condition,  and  the 
columns  were  uninjured.  The  principal  damage  from  earthquake 
was  to  the  brick  walls,  the  soutli  and  west  walls  showing  a  number  of 
cracks.  The  granite  trimmings  around  the  doorway  and  the  terra- 
cotta trimmings  of  the  building  were  badly  spalled  by  the  fire,  as 
shown  in  PI.  XXIV,  B.  The  basement  floor,  which  was  of  concrete 
7  or  8  inches  thick,  w^as  pushed  up  under  the  sidewalk,  reducing  the 
headroom  at  this  point  from  8  feet  to  3i  feet,  approximately.  This 
bulging  was. probably  caused  by  settling  (PL  XXV,  .4),  as  the 
foundation  piling  did  not  extend  under  the  sidewalk. 

appraisers'    WAREHOUSE    (UNITED   STATES   CUSTOM-HOUSe)  . 

The  four-story  custom-house  building,  on  Jackson,  Washington, 
and  Battery  streets,  shown  in  PI.  XXVIII,  ^1,  passed  through  lx)th 
earthquake  and  fire  without  injury,  although  located  on  the  alluvial 
flats.  All  the  buildings  around  it  were  burned,  but  the  fire  .did  not 
gain  a  foothold  in  this  building,  and  there  was,  therefore,  no  fire  test. 
As  an  example  of  successful  resistance  of  the  earthquake  test,  how- 
ever, this  building  stands  as  a  favorable  testimony  to  first-class  mate- 
rials and  workmanship.  The  walls  were  of  brick,  with  granite 
ornamentation,  and  the  roof  was  slate  covered.  The  partitions  and 
cross  walls  were  all  of  solid  brickwork,  and  the  only  damage  that  they 
sustained  consisted  of  a  few  cracks  in  the  archways  near  the  stairways 
on  the  upper  floors. 

ARONSON    BUILDING. 

The  ten-story  Aronson  Building,  on  the  corner  of  Third  and  Mis- 
sion streets,  had  a  steel  skeleton  with  hollow-tile  partitions  and  fire- 
proofing  for  the  columns.  The  floors  were  of  concrete  reenforced 
with  expanded  metal. 

Two  of  the  cohnnns  on  the  first  floor  buckled  by  reason  of  the  fail- 
ure of  the  hollow  tile  (PI.  XXVII,  B)^  the  cohnnns  being  shortenetl 
about  10  inches.  Columns  also  buckled  in  the  basement  and  on  the 
fifth,  eighth,  and  tenth  floors.  In  the  basement  two  columns  were 
firei)roofed  with  concrete,  and  remain  in  first-class  shape,  but  near 
them  are  two  badly  buckled  columns  which  were  fireproofed  with 
terra  cotta.  This  result  is  an  excellent  object  lesson  on  the  merits  of 
the  two  systems  of  fireproofing.  The  sandstone  was  badly  spalled  by 
fire,  and  the  walls  were  badly  racked  by  the  earthquake.  The  cast- 
iron  stairways  were  very  nuich  damaged.  The  fire  in  this  building 
was  not  severe. 
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The  building  in  process  of  constrnction  by  tlie  Bekins  Van  and 
Storage  Company,  at  the  corner  of  Thirteenth  and  Mission  streets, 
was  tlie  only  example  of  the  pure  type  of  reenforced  concrete  in  the 
city  (PL  XXVII,  ^1).  Two  of  the  six  floors  were  erected,  the  w^alls 
l)eing  made  of  brick  laid  in  lime  mortar  and  the  floors  and  columns  of 
reenforced  concrete. 

The  walls  were  badly  cracked  by  the  earthquake,  but  the  reenforced 
concrete  was  not  injured.  Considerable  furniture  stored  in  the 
building  was  burned,  and  the  heat  slightly  blistered  the  under  surface 
of  the  concrete  floor,  w  hich  was  still  green  at  the  time  of  the  disaster. 

BULU)CK    &    JONES    BUlLmNO. 

The  Bullock  &  Jones  Building,  on  Sutter  street  west  of  Mont- 
gomery street,  is  an  eight-story  steel  skeleton  with  floors  of  reenforced 
cinder  concrete,  hollow-tile  ])artitions  and  column  protection,  and 
l)earing  walls  of  ornamental  terra  cotta  and  terra-cotta  pressed  brick. 
The  reenforced-concrete  floor  arches  were  haunched  between  steel 
girders,  but  were  not  continuous  over  the  girders. 

The  earthquake  damaged  the  outside  very  considerably.  The  build- 
ing is  of  rather  flimsy  construction,  and  it  is  a  wonder  that  the  fire 
did  not  wreck  it.  The  terra  cotta  was  badly  spalled  by  the  fire, 
especially  around  the  windows,  and  the  hollow^  tile  failed  badly,  both 
in  partitions  and  as  column  protection.  The  3-inch  terra-cotta  parti- 
tions failed  generally,  and  several  columns  buckled  on  the  third  and 
eighth  floors  (PI.  XXVI,  A).  The  elevator  inclosure,  w^hich  was 
plastered  on  expanded  metal,  failed,  as  did  also  the  cast-iron  stair- 
ways. The  wood  covering  of  the  floors  and  the  wooden  nailing 
strips  were  burned.  The  concrete  floor  is  in  excellent  condition.  A 
few  panels  collapsed  where  the  steel  girders  were  displaced.  The 
distorted  unprotected  beams  and  girders  around  openings  show 
strikingly  the  folly  of  unprotected  steel  work. 


The  building  which  was  in  process  of  construction  on  Mission 
street  lx»tween  Fifth  and  Sixth  streets  by  the  California  Casket  Com- 
pany was  seven  stories  in  height  and  had  a  steel  skeleton  and  floors  of 
reenforced  cinder  concrete.  The  self-supporting  walls  were  built  on 
the  sides  and  rear  of  brick  and  on  the  front  of  brick  faced  with 
sandstone,  which  was  spalled  by  the  heat,  although  there  was  no 
stock  and  little  combustible  material  in  the  building.    The  columns 
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were  fireproofed  Avitli  concrete.  The  brick  protection  around  many 
of  the  cohmuis  was  jarred  loose,  and  the  brick  vaults  on  the  first,  sec- 
ond, and  third  floors  were  badly  cracked  around  the  archways  of  the 
openings  into  them,  as  shown  in  PI.  XXIX,  .1,  a  view  of  a  vault  in 
the  second  story.  The  stairways  were  constructed  of  concrete  with 
steel  channel  horses  and  were  cracked  in  a  number  of  places,  espe- 
cially at  the  landings.  Some  of  the  w^ooden  window  frames  were 
burned,  but  the  fire  was  not  very  severe  either  in  the  building  or  sur- 
rounding it,  the  greatest  damage  resulting  from  the  earthquake. 
The  partitions  inclosing  stairways  and  elevator  shafts  were  of  the 
usual  flimsy  metal  lath  and  plaster  ty]>e.  The  walls  were  so  badly 
cracked  as  to  recpiire  i)artial  rebuilding,  especially  at  the  southwest 
and  northwest  corners. 

CALL    (CLAIS    SPKEC'KKI^'i    ni'lLDING. 

The  Call  Building  (fifteen  stories  l^sides  the  dome),  corner  of 
Third  and  Market  streets,  was  one  of  the  best-designed  skeleton  build- 
ings in  San  Francisco.  It  was  fairly  well  braced  laterally,  and  the 
workmanship  w^as  first  class.  It  stood  the  earthquake  shock  well  be- 
cause of  its  excellent  foundation,  w^hich  extended  25  feet  below  the  side- 
walk and  consisted  of  a  grillage  of  steel  beams  embedded  in  concrete. 
The  main  defect  was  in  the  fireproofing  of  the  floors  and  columns, 
in  which  terra  cotta  was  used,  and  the  greatest  damage  to  the  build- 
ing was  from  fire.  Although  some  of  the  diagonal  braces  were  bent 
and  had  apparently  been  stretched  so  as  to  take  a  permanent  set,  the 
general  l)ehavior  of  the  structure  demonstrates  that  high  build- 
ings subject  to  earthquake  can  be  erected  with  safety  even  on  sand 
foundations. 

The  floors  were  of  reen forced  concrete  up  to  the  seventh  story  and 
of  hollow-tile  arches  above,  topped  with  cinder  concrete.  The  par- 
titions were  principally  3-incli  hollow  tile,  and  these  failed  very  gen- 
erally. The  terra-cotta  fireproofing  around  the  columns  proved  inef- 
fective, and  although  the  steel  did  not  buckle,  the  paint  had  been 
burned  off  the  metal.  Wood  floors  laid  on  wood  nailing  strips  were 
used  in  all  offices  and  were  all  destroyed  by  fire.  The  marble  tiling 
and  wainscoting  of  the  corridors  was  either  shaken  downi  by  the 
earthquake  or  destroyed  by  the  fire.  The  stairways  had  cast-iron 
horses  and  marble  treads,  most  of  the  latter  being  calcined.  The 
suspended  wire  lath  and  plaster  ceilings  were  generally  destroyed 
because  of  the  lack  of  proper  fastenings.  The  curtain  walls  of 
granite  and  sandstone  were  not  damaged  by  the  earthquake,  but  were 
considerably  spalled  by  the  fire. 
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CHRONICLE   BUILDINGS. 

The  Chronicle  buildings,  corner  of  Market  and  Kearney  streets, 
comprised  an  old  ten-story  structure  and  a  new  fifteen-story  annex 
that  was  in  process  of  construction,  lK)th  shown  in  PI.  XXX,  B,  The 
old  building  consisted  of  steel  beams  and  protected  cast-iron  colunms, 
with  self-supporting  walls,  which  had  a  brownstone  front  up  to  the 
second,  story  and  were  ornamented  with  terra  cotta  above.  The 
floor  was  of  hollow^  tile,  filled  with  cinder  concrete  and  covered  witli 
wood.  The  cast-iron  columns  were  fireproofed  with  3-inch  hollow 
tile,  and  4-inch  hollow  tile  was  used  for  the  partitions.  The  terra- 
cotta partitions  and  fireproofing  entirely  collapsed.  The  building 
appeared  to  have  stood  the  earthquake  shock,  and  received  its  prin- 
cipal damage  through  the  fire.  The  collapse  of  the  western  section 
of  the  building  was  probably  due  to  the  buckling  of  the  cast-iron 
columns. 

In  the  annex  terra-cotta  hollow  tile  was  used  for  the  floor  con- 
struction, 4-inch  hollow  tile  for  the  partitions,  and  3-incli  hollow 
tile  for  fireproofing  the  colunms  and  girders.  The  curtain  walls 
were  built  of  sandstone,  with  terra-cotta  trimfnings  for  the  front 
walls  of  the  first  and  second  stories,  and  brick  and  terra  cotta  for 
the  remainder.  The  building  was  racked  considerably  by  the  earth- 
quake, the  front  walls  developing  the  characteristic  X  cracks  (a 
number  of  which  may  be  perceived  by  a  close  inspection  of  PI. 
XXX,  5),  due  to  a  lack  of  diagonal  bracing  of  the  steel  skeleton. 
The  tiling  failed  extensively,  the  lower  webs  spalling  off  and  the 
columns  buckling  in  the  southwest  corner  on  the  upper  floors  above 
the  roof  of  the  old  Chronicle  Building.  There  was  little  combustible 
material  in  the  building,  and  the  trim  had  not  started ;  a  few  of  the 
wooden  window  frames  only  burned;  so  that  the  fire  test  was  not 
great. 

CITY    HALL    AND    HALL   OF    RECORDS. 

The  city  hall  (PI.  XXXT)  was  a  brick  building,  at  City  Hall 
avenue,  Larkin  street,  and  McAllister  street,  consisting  of  steel  floor 
beams  and  corrugated-iron  arches  with  cinder-concrete  filling.  It 
was  wrecked  by  the  earthquake  and  subsequently  gutted  by  the  fire. 
A  prominent  feature  was  a  central  tower,  surmounted  by  a  dome 
built  over  a  structural  steel  skeleton,  (froui)ed  around  the  dome 
were  a  number  of  cast-iron  columns  of  half-inch  metal  filled  with 
brick  concrete  supported  on  brackets.  Some  of  these  colunms  in 
falling  broke  into  small  i)ieces.  The  brickwork  was  completely 
shaken  from  the  central  tower.  The  cement-plastered  brick  walls 
were  laid  in  lime  mortar  of  generally  poor  quality  and  without 
adequate  tie  to  the  steel  work,    In  some  places  there  was  an  absence 


Digitized  by  VjOOQIC 


36  THE    SAN    FRANCISCO    EARTHQUAKE   AND   FIRE. 

of  any  mortar,  but  in  others  it  was  very  good,  the  brick  walls  falling 
in  large  masses  and  the  broken  bricks  showing  the  mortar  to  have 
been  the  stronger.  The  massive  architectural  ornamentations  were 
top-heavy  and  lacked  adequate  bracing.  The  ceiling  was  formed  of 
corrugated  metal  against  which  the  mortar  plaster  was  pressed,  with 
intermediate  brick  partitions  where  the  span  of  the  beams  was  too 
great.  The  expansion  of  the  corrugated-iron  arches  by  the  heat 
produced  a  rise  at  the  crown,  and  the  softening  of  the  iron  caused 
the  arches  to  fail;  they  woukl  have  been  much  stronger  without  the 
nnprotected  corrugated  iron.  In  the  treasury  department  a  granite 
column  was  badly  spalled  by  the  fire.  The  building  was  a  monu- 
ment of  bad  design  and  poor  materials  and  workmanship,  and  was 
not,  therefoi-e,  of  such  a  character  that  it  could  be  expected  to 
resist  successfully  the  effect  of  earthquake  or  fire. 

The  damage  done  to  the  hall  of  records  by  the  earthquake  was  not 
serious,  and  consisted  of  the  falling  of  a  small  section  of  brickwork 
from  the  third  story  on  the  west  side  aud  other  cracks  in  the  walls. 
T}\e  fire,  however,  destroyed  the  contents  of  the  building,  leaving  only 
the  shell  standing. 

CROCKER    BUILDING. 

The  ten-story  Crocker  Building,  corner  of  Powell  and  Market 
streets,  was  a  steel-skeleton  structure,  with  hollow-tile  floor  arches, 
partitions,  and  fireproofing  for  columns  and  girders.  The  first  two 
stories  of  the  self-supporting  walls  were  granite,  and  the  remainder 
buff  brick  with  terra  cotta. 

On  the  ninth  and  tenth  floors  the  light  Phoenix  columns  buckled 
through  the  failure  of  the  hollow-tile  fireproofing.  The  fire  was  only 
moderate,  however,  and  except  on  the  ninth  and  tenth  floors  the 
steel  appeared  to  be  in  good  condition.  The  weakness  of  hollow  floor 
tiles  for  carrying  heavy  loads  was  demonstrated  in  a  number  of 
places  where  the  tile  floors  had  been  broken  by  the  fall  of  sifes. 
The  lower  webs  of  the  floor  tiles  had  failed  over  extensive  areas. 
The  stairways,  with  their  cast-iron  horses  and  slate  treads,  were  net 
damaged  to  any  great  extent.  The  floors  were  topped  with  cinder 
concrete  and  covered  with  wood  in  the  offices  and  with  mosaic  in 
the  corridors. 

EMI»ORIUM. 

Tn  the  building  known  as  the  ''Emporium,"  825-855  Market 
street,  west  of  the  Academy  of  Sciences,  the  first  two  stories  were 
fireproofed  with  terra  cotta.  Slow-burning  wooden  construction 
was  used  above  the  second  floor.  As  shown  in  PI.  XXXII,  very 
little  of  this  structure  save  the  exterior  walls  was  left  standing. 
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FAIRMOUNT    HOTEL. 

The  six-story  Fairmount  Hotel,  California,  Mason,  Powell,  and 
Sacramento  streets,  was  nearly  completed,  and  the  only  combustible 
in  it  was  the  lumber  used  in  construction.  It  consisted  of  a  steel 
skeleton  with  floors  of  cinder  concrete  reenforced  with  expanded 
metal.  The  walls  were  self-supporting  and  were  constructed  of 
granite  backed  with  brick  up  to  the  third  floor  and  of  light-colored 
terra  cotta  in  the  upper  stories.  The  ceilings  were  of  the  suspended 
type  plastered  on  metal  lath.  The  original  plans  called  for  the 
columns  to  be  fireproofed  with  concrete,  but  because  of  the  greater 
expense  of  this  material  the  plans  were  changed  and  the  expanded 
metal  and  plaster  partitions  were  molded  around  these  columns.  The 
result  was  that  even  under  the  moderate  heat  to  which  the  building 
was  subjected  about  40  of  the  columns  buckled,  including  23  on  the 
third  floor  alone  (PI.  XXXIV),  and  the  partitions  were  completely 
wrecked.  The  effect  of  the  earthquake  shock  was  principally  con- 
fined to  the  west  end  of  the  north  front.  The  terra  cotta  was  spalled 
considerably  and  the  granite  only  slightly  by  fire.  The  exterior  dam- 
age was  not  very  great. 

JAMES    FUIOD   BUILDING. 

• 

The  steel-frame  twelve-story  James  Flood  Building,  on  the  north- 
east corner  of  Powell  and  Market  streets,  was  constructed  with  seg- 
mental hollow-tile  floor  arches  topped  with  cinder  concrete  and  sus- 
pended ceilings  plastered  on  metal  lath.  The  columns  were  con- 
structed of  Z  bars  and  were  filled  with  common  brick  to  the  outer 
edge  of  the  section  and  the  whole  inclosed  with  3-inch  hollow  tile. 
This  tile  failed  (PI.  XXXV,  /I),  although  the  fire  could  not  have 
l>een  very  severe,  for  the  wooden  floor  in  the  offices  was  only  partly 
burned  and  there  were  a  number  of  wardrobes  and  switch  boxes  of 
wood,  besides  the  door  and  window  frames  and  wainscoting,  which 
were  not  burned.  The  stairways,  which  had  cast-iron  horses  and 
marble  treads,  were  in  fair  condition.  The  corridors  were  tiled  with 
niarble.  The  stonework  was  very  slightly  spalled  by  fire,  and  the 
principal  damage  by  earthquake  was  a  cracking  of  the  sandstone  at 
several  of  the  entrances  (PI.  XXXIII,  B). 

ORANT   BUILDING. 

The  lower  floor  of  the  Grant  Building,  at  the  southeast  corner  of 
Seventh  and  Market  streets,  was  used  for  a  bank,  the  upper  floors  for 
offices.  It  was  eight  stories  high  and  had  a  steel  frame  with  cinder- 
concrete  floors,  the  Ix^anis  and  girders  l>eing  of  solid  concrete.  The 
first  story  had  self-supporting  walls  of  sandstone,  and  the  remaining 
7171— Bull.  324-07 i 
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stories  walls  of  pressed  terra-cotta  brick,  trimmed  with  sandstone. 
Hollow  tile  was  used  to  fireproof  the  columns  and  for  the  partitions. 
The  cast-iron  stairways  with  marble  treads  were  damaged  but 
slightly.  The  hollow-tile  partitions  were  badly  wrecked,  most  of 
them  l>eing  thrown  down.  The  building  was  injured  c*t>nsiderab1y 
by  dynamiting,  wiiich  partly  disguised  the  damage  caused  by  the 
earthquake. 

HOTEL    HA^HLTON. 

The  twelve-story  apartment  house  known  as  the  Hotel  Hamilton,  on 
the  north  side  of  Ellis  street  between  Mason  and  Powell  streets,  was 
a  steel -skeleton  structure  with  floors  of  reen  forced  concrete  and  gird- 
ers and  beams  of  solid  concrete.  Plastered  wire  lath  served  as  a 
fireproofing  for  the  columns,  and  the  suspended  ceilings  were  of  the 
same  material.  This  construction  may  be  seen  in  PI.  XXXVI,  B, 
P'our-inch  hollow  tile  was  used  in  the  partitions. 

The  marble  treads  of  the  cast-iron  stairway  were  to  a  large  extent 
calcined.  A  number  of  the  columns  buckled  on  the  first,  sixth,  and 
seventh  floors,  the  wire  lath  being  entirely  insufficient.  This  buckling 
caused  the  floors  throughout  the  building  to  settle.  The  damage  by 
earthquake  to  the  curtain  walls  was  slight.  The  sandstone  finish  of 
.the  first  four  floors  spalled  but  little  from  the  heat;  the  terra  cotta 
above,  however,  was  considerably  spalled. 

HIBEKNIA    SAV1N08   AND    LOAN    SOCIETY'S   BUILDING. 

The  two-story  bank  building  of  the  Hibernia  Savings  and  Loan 
Society,  on  the  northwest  corner  of  McAllister  and  Jones  streets  (PL 
XXXVII,  .4),  was  constructed  with  two  street  fronts  of  granite  and 
rear  walls  of  brick.  The  gallery  and  a  portion  of  the  second  floor 
were  constructed  of  brick  and  concrete  arches.  The  ceiling?  and 
ornamental  work  were  plastered  wire  lath.  The  dome  was  sheathed 
with  copper.  The  granite  fronts,  especially  around  the  doors  and 
windows,  were  badly  spalled  by  fire;  other  damage  to  the  structure 
was  confined  almost  entirely  to  the  roof. 

IIOBART    BUILDING. 

The  five-story  Hobart  Building,  on  the  north  side  of  Market  sti'eet 
near  Post  street,  had  bearing  walls  of  brick  faced  with  granite  up  to 
the  second  story  and  of  brick  trimmed  with  terra  cotta  for  the  remain- 
ing stories.  The  framework  ccmsisted  of  cast-iron  columns-with  steel 
girders  and  beams;  the  floors  of  segmental  arches  of  plain  concrete. 
The  cast-iron  columns  were  fireproofed  with  brick  in  the  basement, 
and  with  wire  lath  and  plaster  on  the  first  floor.  The  partitions  were 
of  4-inch  hollow  tile.  The  ceilings  were  plastered  wire  lath  attached 
to  the  lower  flanges  of  the  beams. 
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The  granite  columns  were  spalled  practically  to  destruction  by  fire, 
as  shown  in  PI.  XXXVI,  ^1.  The  fire  in  one  section  appeared  to  be 
very  hot  and  caused  a  collapse  of  one  of  the  floors,  which  was  followed 
by  the  failure  of  the  other  floors  of  that  section  of  the  building. 

JACKSOX    BREWING   COMPANY'S    BUILDING. 

The  plant  of  the  Jackson  Brewing  Company,  on  the  southeast 
corner  of  Eleventh  and  Folsom  streets  (PI.  XXXVII,  5),  was  in 
process  of  construction  and  was  wrecked  by  the  earthquake,  the 
damage  by  fire  being  but  slight.  The  brick  walls  were  laid  in  lime 
mortar  of  poor  quality.  The  steel  beams  and  girders  were  supported 
by  cast-iron  columns.  Many  of  the  various  steel  members  were 
bolted  together  with  an  insufficient  number  of  bolts,  the  girders 
and  beams  resting  upon  the  walls  without  any  tie;  the  columns, 
girders,  and  beams  were  not  fireproofed,  and  in  the  eastern  half  the 
concrete  floor  slabs,  G  inches  thick,  were  without  reenforcement.  Sev- 
eral pei-sons  were  killed  by  the  collapse  of  the  tower.  That  this  build- 
ing should  have  been  wrecked  is  not  surprising,  as  the  design  was  bad 
and  the  material  and  workmanship  were  very  poor. 

HALL   OF   JUSTICE. 

A  steel  frame  and  floors  of  cinder  concrete  reenforced  with  ex- 
panded metal  were  used  in  the  Hall  of  Justice,  at  the  corner  of 
Kearney  and  Washington  streets.  The  earthquake  largely  wrecked 
this  building  (PI.  XXXIX,  ^4).  The  cupola  of  light  steel  angles 
collapsed  from  the  heat  after  l)eing  racked  by  the  earthquake.  The 
walls  were  laid  in  lime  mortar,  and  the  floor  panels  were  stiffened, 
as  in  the  ^^tna  Building,  with  5  by  ^  inch  steel  bands.  The  floors 
were  wood  covered  and  were  burned.  The  suspended  ceilings  were 
of  plastered  expanded  metal  lath,  the  partitions  of  3-inch  expanded 
metal,  plastered,  while  the  columns  had  a  double  layer  of  plastered 
expanded  metal  with  a  IJ-inch  dead  air  space  between.  The  sus- 
I>ended  ceilings  failed,  as  shown  in  PI.  XXXV,  Z?,  a  view  taken  on 
the  second  floor.  One  of  the  central  basement  columns  buckled 
and  collapsed  18  inches,  presenting  the  appearance  of  having  punched 
a  hole  in  the  floor.  Two  of  the  six-cell  prison  cages  fell  through 
the  floors  into  the  basement.  The  cast-iron  stairways  with  marble 
treads  are  in  fair  shape. 

KAMM    BUILDING. 

The  seven-story  L-shaped  Kamm  Building,  on  Market  street,  west  of 
the  Call  Building  and  adjacent  to  it  on  two  sides,  had  a  steel  skeleton 
and  self-supporting  sandstone  walls.  The  floors  were  of  reenforced 
stone  concrete,  covered  with  wood,  with  hollow  partitions  and  sus- 
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j)ende(l  ceilings  of  plastered  wire  lath,  the  steel  columns,  l>eams,  and 
girders  l>eing  also  fireproofed  with  plastered  wire  lath. 

The  rear  structure  collapsed  when  a  nunibiM*  of  columns  in  the  base- 
ment buckled  under  the  intense  heat  produced  by  the  burning  wall 
paper,  of  which  there  was  a  large  quantity  stored  in  the  basement. 

KOHL    (hAYWARD)    BUlLDINli. 

The  Kohl  Building,  on  the  northeast  corner  of  California  and  Mont- 
gomery streets,  which  presented  a  number  of  interesting  features,  is 
of  a  modern  type  of  steel -skeleton  construction,  11  stories  in  height. 
The  floors  were  of  concrete,  reenforced  with  expanded  metal,  and  the 
columns  were  incased  with  expanded  metal,  plastered.  The  partitions 
were  made  of  hollow  tile,  with  metal-covered  frames,  doprs,  and 
windows.     The  suspended  ceilings  were  of  plastered  expanded  metal. 

The  earthquake  did  but  little  damage,  breaking  a  few  panes  of  glass 
and  loosening  the  marble  wainscoting.  There  were  also  a  few^  cracks 
in  the  stone  facing  at  the  southwest  corner  of  the  first  floor.  The 
first,  second,  third,  fourth,  and  part  of  the  seventh  floors  were  burned, 
the  remainder  of  the  building  l)eing  undamaged.  The  structure  was 
surrounded  by  a  series  of  rather  low  buildings,  and  the  fire  was  not 
severe  either  on  the  outside  or  inside.  The  character  of  the  inside 
trim  prevented  to  a  considerable  degi'ee  the  spread  of  the  flames. 
One  defect  in  the  construction  Avas  in  the  use  of  plate  glass  instead  of 
wire  glass  for  the  doors  and  windows. 

MAJESTIC    THEATER. 

The  Majestic  Theater,  at  the  corner  of  Ninth  and  Market  streets 
(PI.  XXXIX,  5),  although  one  of  the  largest  and  best  of  the  San 
F'rancisco  theaters,  was  particularly  bad  in  design.  The  roof  trusse^s, 
of  about  80-foot  span  and  perhaps  75  feet  above  the  ground,  w^ere 
carried  on  18-inch  w-alls  insufficiently  reenforced  by  pilasters. 

The  common  brick  bearing  walls  were  completely  wrecked  by  the 
earthquake.  The  roof  trusses  over  the  stage  collapsed.  The  walls 
still  show^  extensive  earthquake  cracks,  as  will  l)e  seen  from  the  illus- 
tration.    The  building  was  subsequently  gutted  by  fire. 

MERCANTILE    TRl  ST    COMPANy's    BllLDING. 

The  three-story  Mercantile  Trust  Company's  building,  on  Califor- 
nia street  east  of  the  Kohl  Building,  like  most  of  the  low  structures, 
appeared  to  1h»  immune  from  the  earthquake  and  fire.  The  principal 
damage  was  causinl  by  the  falling  walls  of  adjacent  buildings,  which 
smashed  in  the  steel  roof  with  its  heavy  glass  and  started  a  fire  in 
the  interior.  The  granite  facing  around  the  windows  spalled  to  a 
flight  extent,  but  the  building  was  not  badly  damaged. 
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merchants'  exc'hanoe  nun.niNr.. 

The  recently  constructed  nuMlern  office  building  known  as  the 
Merchants'  Exchange,  on  California  street  between  Montgomery  and 
Sansome  streets,  caught  fire  from  the  outside  and  its  contents  were 
destroyed.  The  edifice  was  13  stories  in  height,  with  steel  skeleton, 
fireproofed  with  plastered  wire  lath  and  reen  forced -concrete  floors. 
The  floors  of  the  rooms  were  of  wood ;  the  corridors  w  ere  floored  and 
wainscoted  with  marble.  The  fireproofing  of  the  columns  consisted 
of  two  layers  of  quarter-inch  w^ire  lath  with  a  dead  air  space  between, 
except  those  which  were  bricked  into  the  outside  walls.  The  sus- 
pended ceilings  and  partitions  were  likew^ise  of  plastered  wire  lath, 
and  the  same  material  formed  the  walls  of  the  ""fireproof"  vaults. 
The  curtain  walls  were  of  brick  on  the  sides  and  rear;  on  the  front 
the  first  two  stories  were  of  granite,  the  remainder  being  pressed 
terra  cotta  with  terra-cotta  trimmings.  The  heat  of  the  fire  was 
sufficient  to  calcine  a  large  portion  of  the  wainscoting  and  the  marble 
treads  of  the  cast-iron  stairways.  Though  not  completely  destroy- 
ing it,  the  fire  burned  the  life  out  of  the  plaster,  all  of  which  will 
have  to  be  renewed.  The  rear  walls  were  cracked  by  the  earthquake. 
The  enameled  brickw^ork  of  the  light  well  (PI.  XL,  A)  also  shows 
earthquake  cracks,  and  is  badly  spa  lied  by  the  fire.  The  stonework 
was  slightly  spalled  by  the  heat.  The  metal  frames  between  the 
windows  opening  into  the  court  were  buckled,  the  cinder-concrete 
fireproofing  being  insufficient.  The  terra-cotta  trim  in  the  light  w^ell 
was  also  badly  spalled. 

MILLS  BUILDING. 

The  eleven-story  Mills  Building,  at  the  northeast  corner  of  Bush 
and  Montgomery  streets,  had  a  steel  skeleton  with  hollow-tile  fire- 
proofing and  hollow-tile  partitions.  The  floors  were  also  of  hollow 
tile  topped  with  cinder  concrete  and  covered  w^ith  w^ood  in  the  offices; 
the  tiling  and  wainscoting  of  the  corridors  were  of  marble. 

The  walls  were  racked  by  the  earthquake.  The  hollow  tile  failed 
and  left  the  steel  skeleton  exposed  to  the  fire.  Just  how  seriously 
it  was  damaged  is  problematical;  four  of  the  basement  columns 
buckled  (PI.  XL,  5),  the  lower  webs  of  the  floor  tiles  failed  over 
large  areas  (PI.  XLV,  5),  and  the  partitions  and  the  marble  treads 
of  the  cast-iron  stairways  were  destroyed.  In  the  light  well  the 
window  casings  were  distorted  by  heat  because  of  insufficient  fire- 
proofing, and  the  terra  cotta,  granite,  and  exterior  trim  of  the  wall 
w^ere  badly  spalled.  Ownng  to  the  failure  of  the  floor  tile  many 
safes  fell  through  the  several  floors.     The  building  should  1h^  rebuilt. 
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UNITED    STATES    MINT. 

The  massive  three-storv  (ioverniiient  building  occupied  by  the 
United  States  mint,  at  vifth  and  Mission  streets  (PI.  XXXVIII), 
which  was  not  damaged  to  any  appreciable  extent  by  the  earthquake, 
was  inspected  in  company  with  the  superintendent,  Mr.  Leach.  One 
of  the  interior  walls  was  weakened  by  a  break  in  the  sewer  which  ran 
under  it,  and  one  of  the  chimtieys  was  cracked  at  the  top.  This  struc- 
ture, which  is  located  at  the  intersection  of  two  wide  streets,  is  built 
on  soft  alluvium,  but  rests  upon  a  substantial  pile  foundation.  The 
l^aring  walls  were  of  solid  brick  faced  with  granite,  the  northwest 
face  of  which  was  badly  spalled  by  fire  (PL  XXXVIII,  B).  The 
floors  consisted  of  brick  arches  between  steel  beams,  finished  in  cement. 
They  were  supported  by  cast-iron  columns,  which  were  unprotected 
except  where  they  were  incased  by  the  heavy  brick  wall  partitions. 
The  doors  and  windows  were  of  wood  glazed  with  plate  glaas,  the 
windows  on  the  first  and  second  floors  being  fitted  with  folding  inside 
iron  shutters.  The  roof  and  northwest  side  of  the  third  story  caught 
fire  from  without,  but  as  an  artesian  well  provided  an  independent 
supply  of  water  the  fire  was  prevented  from  gaining  a  foothold,  and 
the  building  was  but  slightly  damaged. 

MONADNOCK    HUILDINO. 

Tlie  ten-story  Monadnock  office  building,  on  the  south  side  of 
Market  street  between  the  Palace  Hotel  and  the  Call  Building,  was 
in  process  of  construction  and  was  damaged  by  the  earthquake  and 
by  dynamiting  in  the  vicinity,  besides  being  gutted  by  fire. 

The  west  wall  was  not  erected,  as  that  section  was  incomplete,  pend- 
ing the  satisfactory  purchase  of  the  land.  The  structure  had  a  steel 
skeleton  frame,  reenforced-concrete  floors,  with  a  ceiling  of  plastered 
expanded  metal.  The  columns  were  incased  with  two  layers  of  plas- 
tered expanded  metal,  with  a  dead  air  space  between  them.  The 
partitions  were  3  inches  thick,  plastered  on  wire  lath.  The  floors  were 
topped  w^ith  cinder  concrete  and  covered  with  tile  in  the  corridors 
and  with  wood  in  the  offices.  The  corridors  were  to  have  been  wain- 
scoted with  marble  also.  The  building  was  not  adequately  braced 
diagonally.  Large  areas  of  the  exterior  were  damaged  and  will 
have  to  come  down.  Two  unprotected  columns  in  the  basement  col- 
lapsed, settling  the  floors  for  7  inches.  The  building  is  to  be  repaired 
by  jacking  up  the  floors  and  replacing  the  buckled  columns.  What 
effect  this  will  have  on  the  reenforced-concrete  floors  is  problematical. 
Certainly  their  factor  of  safety  is  reduced,  and  in  the  judgment  of 
the  writer  the  building  is  materially  weakened,  for  the. reason  that 
the  buckling  of  the  columns,  which  resulted  in  the  settling  of  the 
floor,  cracked  the  floor  beams  at  their  points  of  connection  with  the 
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columns.  While  the  jacking  up  closes  the  cracks,  it  can  not  restore 
the  original  strength  of  the  connection,  which  although  not  entirely 
gone  has  been  reduced  to  a  very  small  percentage  of  its  former  value. 

MURPHY    BUILDING. 

The  columns  of  the  five-story  Murphy  Building,  at  the  corner  of 
Kearney  and  California  streets,  were  constructed  of  corner  angles 
latticed  and  filled  with  cinder  concrete,  the  whole  being  incased  with 
plastered  metal  lath,  with  a  dead  air  space  between.  The  floors 
consisted  of  cinder-concrete  arches  between  channels. 

This  building  was  completely  gutted  by  the  fire,  although  the 
structure  itself  was  left  in  fair  condition.  The  metal-lath  ceilings 
and  partitions  stood  the  test  fairly  well,  though  some  of  the  parti- 
tions were  buckled  out  of  shape.  A  view  of  this  damage  on  the  third 
floor  is  shown  in  PI.  XLT,  B.  The  terra-cotta  trimmings  and  the 
copper  work  around  the  bay  windows  were  badly  damaged  by  fire. 

MUTUAL    LIFE    BUILDING. 

The  nine-story  Mutual  Life  Building,  at  the  southeast  corner  of 
Sansome  and  California  streets,  was  fireproofed  throughout  wnth 
terra-cotta  hollow  tile,  with  hollow-tile  partitions.  The  treads  of 
the  cast-iron  stairways  and  the  wainscoting  and  tile  of  the  corridors 
were  of  marble.  The  office  floors  were  constructed  of  cinder  con- 
crete covered  with  wood. 

The  damage  to  this  building  from  the  earthquake  was  veiy  slight. 
The  fire  in  the  building,  while  not  severe,  was  sufficient  to  caus<^  the 
failure  of  the  tile  fireproofing  of  the  roof  trusses,  w^hich  collapsed 
from  exposure  to  heat  (PL  XLII,  A). 

PACIFIC    STATES    TELEPHONE    AND    TELEGRAPH    COMPANy's    BUILDINO; 

The  recently  completed  eight-story  building  of  the  Pacific  States 
Telephone  and  Telegraph  Company,  on  Bush  street  between  Grant 
and  Kearney  streets  (PI.  XLI,  .4),  embodied  many  good  and  a  few 
bad  features  of  construction.  The  side  and  rear  walls  were  of  brick, 
and  the  front  was  of  terra-cotta  pressed  brick  and  terra-cotta  trim- 
mings. All  the  walls  were  self-supporting.  The  floors  were  of  reen- 
forced  concrete  between  steel  beams,  and  the  ceilings  for  all  floors 
above  the  basement  were  suspended  metal  lath,  plastered. 

The  walls  were  cracked  somewhat  by  the  earthquake,  and  the 
pilasters  on  the  exterior  were  spalled.  The  girders  and  columns 
supporting  the  floors  were  fireproofed  with  concrete  and  were  in 
excellent  shape  after  the  fire.  The  window  protection  was  excel- 
lent; the  front  was  provided  with  Kinnear  rolling  shutters,  with 
plate-glass   metal-covered    windows,    while    the    side    windows   had 
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metal -covered  sasli  and  frames,  with  wire  glass,  and  tin-covered 
sliding  shutters.  The  earthquake  racked  the  front  suflSciently  to 
})revent  the  shutters  from  working.  The  heat  produced  by  the  burn- 
ing insulated  wire  and  other  supplies  was  high  and  protracted.  The 
reenforced-concrete  beams  of  the  roof  were  weakened  by  heat  and 
will  have  to  be  replaced.  The  concrete  in  general,  however,  stood 
this  trial  exceedingly  well  in  view  of  the  protracted  high  tempera- 
ture. The  fire  caught  through  an  unprotected  rear  door  in  the  south- 
west corner,  and  the  break  in  the  roof  made  possible  a  very  hot  fire, 
which  melted  glass  and  even  welded  nails.  The  concrete  floors  and 
the  column  protection  were  not  damaged  in  the  slightest.  If  the 
methods  of  fire  protection  had  been  consistent  throughout,  it  is  prob- 
able that  this  building  would  have  escaped  without  damage. 

POST-OFFICE   BUILDING. 

The  writer  made  a  thorough  examination  of  the  post-office  build- 
ing, on  Mission  street  between  Sixth  and  Seventh  streets,  in  company 
with  J.  W.  Roberts,  superintendent  of  construction,  of  the  Supervis- 
ing Architect's  Office.  This  three-story  structure  rested  on  a  founda- 
tion consisting  of  steel  beams  incased  in  concrete,  carried  through  the 
soft  alluvium  to  a  hard  gravel,  the  deptl\  varying  from  30  feet  at 
Seventh  and  Mission  streets  to  12  and  14  feet  at  the  opposite  comer. 
The  building  had  a  steel  frame,  expanded-metal  and  concrete  floors, 
and  plastered  expanded-metal  suspended  ceilings.  All  partitions  or 
interior  walls  were  of  terra-cotta  hollow  tile,  laid  with  full  joints  of 
Portland-cement  mortar,  the  terra-cotta  work  being  first  class  in  every 
particular.  The  corridors  were  tiled  and  wainscoted  with  marble. 
The  exterior  walls  were  of  granite  and  were  thoroughly  anchored, 
each  stone  being  fastened  to  the  steel  work  and  doweled  and  pinned 
to  the  adjacent  stones.  The  outer  facing  of  granite  is  carried  on  the 
steel  work  and  is  not  backed  with  brick,  there  being  an  inner  wall  of 
terra  cotta,  with  a  dead  air  space  between,  which  serves  as  a  passage- 
way for  pipes,  flues,  etc. 

The  ground  at  the  corner  of  Seventh  and  Mission  streets  settled 
about  5  feet  (PL  XLIII,  B),  The  floor  of  the  building  was  slightly 
cracked  at  that  point,  and  Mr.  Roberts  stated  that  there  w^as  a  set- 
tling of  about  If  inches.  The  outer  walls  were  considerably  racked 
(Pis.  XLIII,  A;  XLIV)  by  the  earthquake,  many  stones  having 
l)een  shaken  entirely  loose  from  the  steel  work  in  some  places,  while 
in  others  a  number  of  stones  were  started  from  their  beds,  and  the 
anchorage  was  broken.  There  were  also  many  cracks,  especially  in 
some  of  the  exterior  pilasters,  which  were  formed  of  two  steel  col- 
umns, 12  feet  apart,  without  diagonal  bracing,  the  hollow  space  being 
used  for  heating  and  ventilating  apparatus.  These  pilasters  were 
badlv  racked. 
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The  worst  damage  appeared  to  be  in  the  interior  walls  of  hollow 
tile,  which  were  very  extensively  cracked,  especially  on  the  first 
and  second  floors.  The  plaster  finish  on  the  hollow-tile  partitions 
strengthened  them  very  considerably.  One  portion  of  the  mosaic 
ceilings  of  the  corridors  on  the  main  floor  was  laid  in  Portland- 
cement  mortar  on  a  flat  tiled  arch  and  was  badly  cracked;  another 
portion,  laid  in  Portland  cement  against  wire  lath  plastered,  was 
undamaged.  In  the  mail-handling  room  the  end  wall  was  moved 
out  of  plumb  by  the  earthquake,  and  the  enameled-brick  covering  of 
r^veral  columns  was  shaken  off.  The  only  damage  done  by  fire  was  in 
the  district-court  room,  in  the  north  corner  of  the  third  floor,  which 
caught  from  without  and  was  burned  out,  together  with  two  adjacent 
rooms  on  the  northwest  front.  On  the  northeast  end  of  the  first  floor 
the  exterior  stonework  was  also  spalled  by  fire. 

A  very  considerable  amount  of  damage  was  done  by  the  dynamiting 
of  near-by  buildings,  which  was  so  severe  as  to  smash  the  glass  and 
lilow  out  the  window  and  door  frames.  In  many  places  the  marble 
wainscoting  on  the  opposite  side  of  the  corridor  was  shaken  loose. 
Probably  20  per  cent  of  the  injury  done  to  the  building  is  in  the 
glass,  marble,  and  finish.  The  building  is  substantial,  and  the  mate- 
rials and  workmanship  are  first  class. 

RIALTO  BUILDING. 

The  eight-story  Rialto  Building,  at  the  southwest  corner  of  Mis- 
sion and  New  Montgomery  streets,  had  a  steel  frame  and  reenforced 
cinder-concrete  floors.  The  partitions  were  of  hollow  tile  and  the 
ceilings  of  suspended  expanded  metal,  plastered.  The  columns  were 
fireproofed  with  two  layers  of  plastered  expanded  metal  for  all  floors 
except  the  basement,  where  only  one  layer  was  used.  The  corridors 
had  mosaic  floors,  and  the  stairways  were  of  cast  iron  with  marble 
treads. 

The  building  was  considerably  racked  by  the  earthquake  and  was 
further  damaged  by  fire  and  dynamiting  (PI.  XLVIII,  B),  The 
fire  was  only  moderately  hot,  but  was  sufficient  to  destroy  the  fire- 
proofing  of  two  columns  in  the  northeast  corner  of  the  basement,  so 
that  they  failed  by  buckling  (PI.  XLVIII,  A)^  causing  extensive 
wrecking  of  the  upper  floors.  The  failure  of  the  column  protection 
was  caused  by  the  expansion  of  a  pipe  inside  of  it.  The  terra  cotta 
around  the  entrance  to  the  building  was  cracked  by  the  earthquake. 

ST.   FRANCIS    HOTEL. 

The  twelve-story  St.  Francis  Hotel,  in  West  Union  square,  at  the 
comer  of  Geary  and  Powell  streets,  was  of  a  modern  type,  having  a 
steel  skeleton,  reenforced-concrete  floors,  with  suspended  ceilings  plas- 
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tered  on  wire  lath.  The  fireproofing  of  beams  and  girders  in  the 
basement  and  first  floor  was  concrete;  in  the  upper  floors  it  was  wire 
lath  and  plaster.  The  columns  of  the  first  floor  were  fireproofed  with 
concrete,  those  in  the  basement  with  brick,  and  on  the  upper  floors 
4-inch  hollow  tile  was  used.  On  the  first  floor  the  concrete  was 
omitted  for  18  inches  at  the  top  and  a  cap  of  plaster  of  Paris  used; 
this  was  a  serious  mistake  and  might  have  caused  trouble. 

The  stone  was  sliglitly  spalled  by  fire  and  on  the  front  was  slightly 
damaged  by  the  earthquake.  The  enameled  bricks  of  the  light  well 
were  badly  spalled  by  heat.  Two  columns  failed  by  buckling.  The 
fire  was  not  severe,  and  the  damage  was  not  very  great. 

SCOTT   BITILDINO. 

The  Scott  Building,  on  the  south  side  of  Mission  street  between 
First  and  Fremont  streets,  was  a  four-story  structure  with  a  man- 
sard roof.  Machinery  sales  rooms  occupied  the  two  lower  floors, 
printing  and  lithographing  offices  the  upper.  The  building  was  con- 
structed of  steel  girders  and  beams,  with  reen  forced -concrete  floors, 
suspended  ceilings  plastered  on  metal  lath,  and  unprotected  cast- 
iron  columns.  The  curtain  walls  were  carried  on  steel  work  which 
was  unprotected  over  the  windows. 

.  The  mansard  roof  and  the  upper  part  of  the  walls  were  destroyed 
by  the  eartliquake.  The  western  section  was  wrecked  by  dynamite. 
The  ceilings  failed,  and  the  stonework  spalled  slightly.  The  fire 
was  not  severe,  to  judge  from  the  aj)i)earance  of  the  undamaged 
naked  cast-iron  columns. 

SECURITY    SAVINGS   BANK. 

The  Security  Savings  Bank,  a  two-story  building  on  Montgomery 
street  between  California  and  Pine  streets,  received  its  principal 
damage  from  the  falling  walls  of  an  adjacent  building.  The  granite 
and  marble  front  was  slightly  spalled  by  the  earthquake. 

SIIREVE   BUIIJ)ING. 

The  eleven-story  Shreve  office  building,  at  the  northwest  corner  of 
Post  and  Grant  streets,  was  constructed  with  steel  frame,  reen  forced - 
concrete  floors,  and  suspended  ceilings  plascered  on  metal  lath.  The 
columns  above  the  second  floor  were  fireproofed  with  3-inch  hollow 
tile;  those  below  with  concrete.  This  latter  protection,  as  well  as  the 
concrete  floors,  is  in  first-class  condition.  The  difference  in  efficiency 
between  the  concrete  and  hollow-tile  protection  for  columns  is  clearly 
demonstrated,  the  former  being  in  excellent  shape,  whereas  the  latter 
failed,  re^sulting  in  a  number  of  buckled  columns. 
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8LOANE   BUILDING. 

The  seven-story  Sloane  Building,  on  Post  street  between  Grant  and 
Kearney  streets,  had  bearing  walls  of  terra  cotta,  brick  and  terra- 
cotta trimmings,  and  a  framework  of  cast-iron  columns  and  steel 
beams  and  girders.  The  partitions  and  fireproofing  were  of  ex- 
panded metal,  plastered,  and  the  floors  were  of  concrete,  reenforced 
with  expanded  metal.  All  columns  except  those  in  the  basement 
were  fireproofed  with  expanded  metal,  plastered. 

There  is  every  indication  of  a  very  hot  fire  in  the  basement,  which 
buckled  several  of  these  unprotected  columns,  causing  a  collapse  in 
the  central  portion  of  the  building  (PL  XLIX,  A). 

SPRING   VALI.EV    WATER    COMPANY'S    BUILDING. 

The  City  of  Paris  Dry  Goods  Company  occupied  the  two  lower 
floors  of  the  Spring  Valley  Water  Company's  building,  at  the  south- 
east corner  of  Geary  and  Stockton  streets,  the  remaining  four  stories 
being  used  for  office  purposes.  The  building,  a  general  rear  view  of 
which  is  shown  in  PL  L,/l,had  a  steel  skeleton,  the  partitions,  column 
protection,  and  floor  arches,  the  lower  web  of  which  spalled  off  exten- 
sively, being  of  hollow  tile.  The  floor  arches  were  topped  with  cinder 
concrete  and  covered  with  wood.  The  columns  in  the  southeast  corner 
of  the  basement  buckled,  and  the  upper  stories  collapsed.  The  hollow- 
tile  partitions  were  in  bad  condition,  and  the  2-inch  tile  on  col- 
umns failed  generally.  Where  the  tile  ceilings  were  unprotected 
the  webs  spalled  extensively;  where  there  was  a  suspended  ceiling 
remaining  in  position  the  tiles  were  in  fair  condition.  The  cast-iron 
stairways  with  marble  treads  were  also  damaged.  There  were  a  few 
slight  earthquake  cracks  along  the  Stockton  street  side,  and  the  south 
wall  had  a  vertical  crack. 

UNITED    STATES   ST^BTREASITRY. 

The  four-story  brick  subtreasury  building,  on  Montgomery  street 
l)etween  Commercial  and  Clay  streets,  had  rolling  shutters  on  the 
lower  front  windows  and  a  combination  of  wood  and  concrete  floors. 
The  wood  burned,  causing  the  collapse  of  that  portion  of  the  build- 
ing. The  remainder  of  the  concrete-floor  portion  seemed  to  be  in  fair 
condition. 

UNION   TRI\ST  company's    BUILDING. 

The  Union  Trust  Company's  ten-story  office  building,  on  the  cor- 
ner of  Market  and  Montgomery  stre(»ts,  was  constructed  witli  a  steel 
frame.     The  front  walls  of  the  first  two  stories  were  granite*;  the 
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remaining  walls  were  of  pressed  terra-eotta  brick,  with  terra-cotta 
trimmings.  The  floors  and  partitions  were  of  hollow  tile,  and  the 
girders,  beams,  and  columns  were  fireproofed  with  the  same  material. 
The  floors  were  topped  with  cinder  concrete  covchmI  with  wood, 
except  in  the  corridors,  where  cement  finish  was  used.  The  cast-iron 
stairways  had  marble  treads.  The  granite  walls  were  spalled 
around  the  openings  by  fire.  The  holloW-tile  partitions  failed  ex- 
tensively, and  the  lower  web  of  the  floor  tile  spalled  over  large 
areas.  The  fire  was  not  intense,  and  the  steel  appeared  to  be  in 
fair  condition  except  on  the  ninth  and  tenth  floors.  The  extent  of 
the  damage  can  be  seen  in  PI.  L,  B^  a  view  on  the  ninth  floor. 
The  steel  trusses  on  the  tenth  floor  were  very  much  distorted  bj^  heat, 
owing  to  the  failure  of  the  hollow-tile  fireproofing. 

VOLKMAN   BU HIDING. 

The  lower  floor  of  tlie  Volkman  Building,  on  the  north  side  of 
Jackson  street  l)etween  Montgomery  and  Sansome  streets,  opposite 
the  unburned  block  near  the  appraisers'  building,  was  occupied 
by  a  branch  of  the  post-office.  The  structure  was  surrounded  on 
the  sides  and  rear  by  completely  gutted  buildings,  and  its  es- 
cape was  probably  due  to  its  protected  openings.  The  windows 
were  glazed  with  wire  glass  and  the  sash  and  frames  were  metal 
covered.  The  rear  doors  were  equipped  with  Kinnear  rolling  shut- 
ters. A  few  windows  were  so  badly  damaged  that  they  will  have  to 
be  replaced,  but  the  building  was  only  slightly  injured,  for  the  fire 
did  not  gain  a  foothold. 

WELLS-FAROO    BTTILDINO. 

The  six-story  Wells-Fargo  Building,  on  the  northeast  comer  of 
Mission  and  Second  streets,  is  devoted  exclusively  to  Wells,  Fargo 
&  Co.'s  express  business;  It  has  a  steel  skeleton,  self-supporting 
walls,  and  reen  forced -concrete  floors.  The  ceilings  are  of  plastered 
wire  lath,  as  are  also  the  hollow  partitions  and  the  fireproofing  on 
the  columns.  The  outside  walls  are  of  granite  for  the  first  two 
stories  and  pressed  brick  and  terra  cotta  for  the  remaining  stories. 
The  openings  into  the  air  and  light  well  were  of  metal  frame,  glazed 
with  wire  glass. 

This  building  shows,  especially  in  the  Mission  street  front,  the 
racking  effect  of  the  earthquake.  The  marble  treads  of  the  cast- 
iron  stairways  were  considerably  damaged  by  the  fire,  and  the  marble 
wainscoting  of  the  corridors  was  thrown  down  by  the  earthquake. 
The  window  frames  in  the  light  well  (PI.  XLIX,  B)  w^ere  w-arped 
by  the  fire,  wliich  also  spalled  the  terra-cotta  trim. 
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ASPKCTH   OF   THE    FIRE   I>ISA8TER. 

The  San  Francisco  fire,  which  lasted  three  days,  was  one  of  the 
greatest  conflagrations  of  recent  times.  The  loss  by  fire  was  greater 
than  it  should  have  been,  by  reason  of  the  failure  of  the  cast-iron 
water  mains  in  the  city ;  although  the  loss  must  necessarily  have  been 
great  because  of  the  character  of  the  buildings,  90  per  cent  of  which 
were  frame.  This  disaster  demonstrated  that  the  lessons  from  the 
Chicago  and  Baltimore  fires  are  still  unlearned.  The  same  faults  in 
construction  continue  to  be  repeated.  The  only  sure  way  to  remedy 
grave  defects  of  this  character  is  to  enact  strict  building  laws  which 
will  compel  an  observance  of  the  essentials  for  fireproof  structures. 

The  conditions  at  San  PVancisco  were  unusual,  and  even  had  not 
the  water  supply  failed  it  is  doubtful  whether  they  could  have  been 
controlled,  for  the  reason  that  it  would  have  been  impossible  for  the 
fire  department  to  handle  efficiently  so  many  fires  at  a  time,  especially 
as  there  were  so  many  nonfireproof  structures.  Large  conflagrations 
demonstrate  that  there  is  no  such  thing  as  a  fireproof  building.  To 
label  one  as  such  is  bad  practice,  since  it  gives  a  false  sense  of 
security  and  induces  a  relaxing  of  necessary  precautions. 

FIRE    HISTORY   AND   RECOMMENDATIONS   OF   INSURANCE    BOARDS. 

It  is  claimed  that  the  recorded  destruction  by  fires  in  San  Fran- 
cisco up  to  1899  was  excessive,  showing  an  average  loss  between  two 
and  three  times  that  expected  in  cities  having  ordinary  fire  protec- 
tion. In  every  year  since  1899,  except  1903,  although  the  number  of 
fires  increased  materially,  the  average  loss  per  fire  remained  moder- 
ate. In  any  of  these  years  the  number  of  fires  involving  losses  of 
$40,000  or  more  did  not  exceed  two.  In  1908  there  were  ten  large 
fires,  each  involving  a  loss  of  more  than  $40,000,  thus  bringing  the 
total  up  to  a  high  figure;  and  at  each  of  these  fires  the  greater  por- 
tion of  the  loss  was  to  the  contents  rather  than  to  the  buildings. 

In  October,  1905,  a  board  of  fire-insurance  experts  presented  the 
report  of  an  examination  made  under  the  direction  of  the  National 
Board  of  Fire  Underwriters  on  the  fire-hazard  conditions  of  San 
Francisco.  This  report  is  extremely  interesting  and  shows  clearly 
how  a  body  of  trained  experts  can  accurately  locate  defects  and  pre- 
dict the  consequences  likely  to  result  from  them.  The  criticisms  and 
recommendations  embodied  in  the  report  are  particularly  pertinent 
to  San  Francisco;  and  when  the  conditions  prior  to  the  great  fire  are 
considered,  the  conclusion  must  be  inevitable  that  no  other  result  of 
these  conditions — a  general  conflagration  which  swept  the  city — 
could  reasonably  have  lx*en  expected.  Attention  was  called  to  the 
following  principal  features  of  construction  affecting  the  fire  hazard 
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in  the  business  district:  (1)  Bad  exposures  and  unprotected  open- 
ings; (2)  poor  construction;  (3)  an  absence  of  sprinklers  or  of  any 
of  the  modern  protective  devices;  and  (4)  excassive  height  in  non- 
fireproof  structures.  It  is  stated  that  in  the  congested  district  about 
2.2  per  cent  were  fireproof,  68.3  per  cent  were  wooden  joisted  brick, 
and  29.5  per  cent  were  frame  buildings.  A  very  bad  feature  lay  in 
the  fact  that  a  large  number  of  so-called  "  fireproofs "  were  sur- 
rounded by  nonfireproofs.  The  mixture  of  dwellings  and  minor 
mercantile  buildings  surrounding  the  congested-value  district  also 
greatly  increased  the  hazard. 

The  board  reconnnended  the  municipal  ownership  of  the  water  sup- 
ply. They  considered  the  present  supply  ample  in  amount  for  the 
existing  requirements,  but  subject  to  a  decided  probability  of  local 
failure  in  emergencies,  owing  to  faults  in  the  distribution  system. 
They  deemed  it  very  desirable  to  increase  tlie  capacity  of  the  existing 
system  and  to  install  at  the  earliest  possible  date  a  separate  fire-main 
system,  and  recommended  that  all  dead  ends  of  pipe  mains  be  con- 
nected with  the  network  wherever  practicable.  They  advised  that 
the  system  of  distribution  be  equipped  with  a  sufficient  number  of 
gate  valves,  so  located  that  no  single  case  of  accident,  breakage,  or 
repair  to  the  pipe  system  would  necessitate  the  shutting  from  service 
of  a  length  of  main  greater  than  the  side  of  a  single  block  (a  maxi- 
mum of  500  feet)  in  important  mercantile  manufacturing  districts, 
or  than  two  sides  of  a  single  block  (a  maximum  of  800  feet)  in  other 
districts. 

The  building  code  was  found  to  be  satisfactory  on  the  whole,  but 
the  board  recommended  that  it  be  so  amended  as  to  limit  floor  areas, 
provide  for  the  protection  of  exposed  openings  in  fireproof  build- 
ings, and  encourage  the  use  of  modern  protective  devices  and  construc- 
tions, such  as  sprinkler  equipments,  automatic  fire  doors,  wire  glass, 
etc.  They  recommended  that  prompt  measures  be  taken  to  relieve 
the  hazardous  conditions  in  narrow  streets  by  widening  the  streets 
or  enforcing  adequate  window  protection,  or  both,  and  advised  that 
automatic  sprinkler  equipments  be  required  in  all  buildings  which  by 
reason  of  their  size,  construction,  or  occupancy,  singly  or  combined, 
might  act  as  conflagration  breeders.  The  potential  hazard  was  con- 
sidered very  severe,  in  view  of  the  exceptionally  large  areas  and 
great  heights  of  many  buildings  and  of  their  highly  combustible 
nature  by  reason  of  sheathed  walls  and  ceilings,  numerous  ui-pro- 
tected  openings  and  light  wells,  and  the  general  absence  of  fire 
breaks,  taken  in  conjunction  with  the  presence  of  interposed  frame 
buildings  and  the  comparatively  narrow  streets.  .These  numerous 
and  mutually  aggravating  conflagration  breeders,  considered  in  con- 
nection with  the  almost  total  lack  of  sprinklers  and  general  absence 
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of  modern  protective  devices,  and  the  prevailing  high  winds,  made 
the  probability  feature  alarmingly  great. 

They  advised  that  the  inadequate  force  of  four  building  inspectors 
.  be  at  least  doubled,  and  that  the  building  laws  be  rigidly  and  im- 
partially enforced. 

They  found  the  fire  department  to  be  an  efficient  force,  well  organ- 
ized under  an  exceptionally  competent  chief,  and  though  weak  in 
pow^erful  engines,  otherwise  fairly  w^ell  equipped,  the  number  of 
engine  companies  being  particularly  large. 

In  their  report  the  board  summarized  the  situation  in  San  Fran- 
cisco as  follows : 

While  two  of  the  five  sections  into  which  the  congested-value  district  is 
divided  involve  only  a  mild  conflagration  hazard  within  their  own  limits,  they 
are  badly  exposed  by  the  others,  in  which  all  the  elements  of  the  conflagration 
hazard  are  present  to  a  marked  degree.  Not  only  is  the  hazard  extreme 
within  the  congested- value  district,  but  it  is  augmented  by  the  presence  of  a 
compact  surrounding,  great-height,  large-area,  frame-residence  district,  itself 
unmanageable  from  a  fire-fighting  standpoint  by  reason  of  adverse  conditions 
Introduced  by  the  topography.  In  fact.  San  Francisco  has  violated  all  under- 
writing traditions  and  prece<lents  by  not  burning  up;  that  it  has  not  done  so  is 
largely  due  to  the  vigilance  of  the  fire  department,  which  can  not  be  relied  upon 
indefinitely  to  stave  off  the  inevitable. 

FIRE-RESISTING  QUALITIES  OF  STRUCTURES  AND.  STRUCTURAL 

MATERIALS. 

The  fire  which  has  practically  destroyed  San  Francisco  has  more 
than  fulfilled  this  prophecy.  The  destruction  was  greater  than  in 
the  Baltimore  fire  because  the  fire  was  hotter,  owing,  as  has  been 
pointed  out,  to  the  inflammable  surroundings  and  the  unprotected 
openings,  and  to  the  unchecked  sway  of  the  flames.  The  heat  was 
so  intense  that  sash  weights  and  glass  melted  and  ran  together  freely. 
In  some  places  the  edges  of  broken  cast-iron  columns  softened,  the  tin 
coating  in  piles  of  tinned  plate  volatilized,  even  in  the  middle  of  the 
piles,  and  nails  were  softened  sufficiently  to  weld  together.  (See  also 
PI.  LI,  A.)  The  maximum  temperature,  lasting  for  a  few  minutes 
in  each  locality,  was  probably  2,000°  or  2,200°  F.,  while  the  average 
temi)erature  did  not  exceed  1,500°  F. 

Nearly  all  the  so-called  "  fireproof s  "  were  gutted  and  their  con- 
tents destroyed,  the  fire  damage  done  to  these  buildings  Ix^ing  fully 
60  per  cent.  The  early  collapse  of  protected  steel  frames  owing  to 
the  failure  of  the  fireproofing  w^as  of  common  occurrence.  The 
extent  of  the  damage  to  a  building  from  fire  can  be  determined 
only  after  the  debris  and  wreckage  have  been  removed  and  will 
then  be  found  to  be  much  greater  than  was  at  first  supposed.  This 
is  particularly  true  of  steel  structures  in  which  the  effect  of  fire  is 
partly  hidden  by  the  debris. 
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Of  perhaps  thirty  fireprowfs  of  good  height  with  reenforced- 
concrete  floors,  all  but  two  had  steel  frames.  Steel  beams  and 
columns  were  generally  protected  with  metal  lath  and  plaster,  cinder 
concrete,  or  terra-cotta  tile.  Practically  all  floor  construction  con- 
sisted either  of  hollow  terra-cotta  tile  or  reenforced  concrete.  Ceil- 
ings of  light  angles  and  metal  lath,  plastered,  suspended  from  floors, 
served  as  additional  means  of  fireproofing,  by  keeping  the  fire  from 
coming  into  direct  contact  with  the  flooring  material.  Steel  beams 
in  many  buildings  had  no  protection,  even  where  concrete  filled, 
except  this  subceiling.  The  lower  webs  of  floor  tile  came  off  to  per- 
haps a  greater  extent  than  in  the  Baltimore  fire.  It  is  said  to  be 
impossible  to  procure  a  suitable  hard-wood  sawdust  on  the  Pacific 
coast,  such  as  is  required  in  the  manufacture  of  porous  terra-cotta 
tile.  The  tile  used  is  therefore  denser  and  of  poorer  quality.  The 
behavior  of  reen forced-concrete  floors  was  most  excellent. 

Partition  walls  were  in  a  very  few  buildings  of  brick.  As  a  rule, 
however,  they  were  either  of  3-inch  hollow  terra-cotta  tile  or  metal 
lath,  plastered. 

The  matter  of  column  protection  is  very  important,  as  the  number 
of  failures  in  the  San  Francisco  fire  was  particularly  large,  especially 
in  the  Fairmount  Hotel  (PL  XXXIV).  Unprotected  cast-iron  col- 
umns failed  as.  a  result  of  unequal  expansion  caused  by  the  lugs.  A 
few  light  cast-iron  columns  filled  with  concrete  came  through  without 
damage,  and  at  the  Academy  of  Sciences  (PI.  XXIV,  zl),  as  already 
described,  cast  iron  failed  around  a  concrete  core,  which  carried  the 
load.  Brick-filled  columns  gave  fair  satisfaction,  but  concrete-pro- 
tected columns  afforded  the  best  results.  The  question  of  fireproof- 
ing, however,  is  one  of  degree,  being  dependent  on  the  intensity  and 
duration  of  the  fire.  A  column  may  be  fireproofed  sufficiently  for  an 
office  building,  but  entirely  too  little  for  a  warehouse;  or  a  column 
which  may  be  suitable  for  the  upper  stories  may  fail  in  the  basement, 
as  in  the  Kamm  Building  (p.  40).  Again,  the  practice  of  running 
piping  back  of  the  fireproofing  on  colunuis,  especially  if  the  fireproof- 
ing is  of  hollow  tile,  is  extremely  bad.  Many  failures  were  caused  by 
the  expansion  of  such  piping  throwing  off  the  terra-cotta  tile.  Con- 
crete is  probably  the  best  fireproofing  material,  because,  as  shown  by 
experience,  its  stiffness  will  enable  it  to  support  not  only  the  steel 
within,  if  the  latter  is  softened  by  the  heat,  but  perhaps  the  structure 
itself.  The  following  types  of  column  protection  were  used  in  San 
Francisco  buildings:  (1)  Plaster  on  wire  lath,  both  single  and  double 
layers,  the  latter  having  a  dead  air  space;  (2)  single  terra-cotta  tile; 
(»3)  concrete;   (4)  concrete  covered  with  terra-cotta  tile;   (5)  brick. 

Of  the  fire  loss,  i)erhaps  75  per  cent  was  in  the  trim  and  ornamental 
work.  Inflammable  woodwork  in  the  corridors,  doors,  and  windows 
proved  a  source  of  great  loss,  and  should  be  eliminated  for  orna- 
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mental  purposes.  The  behavior  of  the  metal-covered  woodwork  in 
the  Kohl  and  other  buildings  was  satisfactory  and  immensely  better 
than  that  of  the  naked  wood.  It  is  certain  that  a  building  may  be 
finished  and  trimmed  and  even  decorated  with  noninflammable  mate- 
rials. Although  the  additional  security  of  such  materials  in  case  of 
fire  does  not  appeal  to  owners  and  architects  as  compensating  for 
their  extra  cost  in  comparison  with  wood  or  other  inflammable  mate- 
rials, the  building  laws  should  nevertheless  compel  this  type  of 
construction. 

The  loss  in  ornamental  stonework  was  particularly  great,  especially 
in  the  case  of  marble,  which  in  many  structures  was  completely 
calcined.  Brickwork  suffered  most  from  the  earthquake  and  least 
from  fire,  and  sandstone  splintered  less  than  granite,  which  suf- 
fered severely,  a  number  of  badly  spalled  columns  showing  how 
futile  this  material  is  for  other  than  ornamental  purposes.  Con- 
crete proved  superior  to  brick  as  a  fireproofing  medium. 

It  is  estimated  that  over  80  per  cent  of  the  sT)-called  "  fireproof  " 
safes  failed.  Many  valuable  records  and  much  other  property  were 
thereby  destroyed.  An  ordinary  fireproof  safe  was  of  absolutely  no 
value,  and  the  contents  of  nearly  every  one  were  destroyed.  In  many 
oflSce  buildings  so-called  fireproof  vaults  were  constructed  of  hollow 
tile  or  plastered  metal  lath,  l)eing  formed  partly  by  the  partitions 
of  the  rooms,  and  were  so  flimsy  that  they  yielded  readily  to  the 
flames.  In  PL  LII  can  be  seen  groups  of  so-called  "  fireproof  safes," 
many  with  walls  20  inches  or  more  thick,  which  failed  to  serve  the 
purpose  for  which  they  were  designed.  PI.  LII,  5,  shows  part  of  a 
collection  of  over  50  of  these  ''  safes  "  whose  contents  were  destroyed. 
In  a  number  of  jeweler's  safes  silver  and  other  precious  metals  were 
melted.  The  warping  of  the  doors  also  resulted  in  the  loss  of  the 
contents  in  many  vaults,  even  where  they  were  otherwise  well  de- 
signed. In  short,  fireproof  vaults  and  safes  behaved  in  the  San 
Francisco  fire  very  much  as  they  did  in  the  Baltimore  fire.  Little 
progress  seems  to  have  been  made  toward  the  production  of  a  satis- 
factory fireproof  safe.  The  only  really  fireproof  vault  is  one  with 
brick  or  concrete  walls  not  less  than  10  inches  thick.  The  cement- 
filled  metal  safe  proved  to  be  a  very  good  type  of  fireproof.  Even 
in  well-designed  safes  and  vaults,  great  care  must  be  exercised  in 
opening  them  after  they  have  been  exposed  to  fire.  Time  should  be 
allowed  for  the  temperature  in  the  interior  to  l)ecome  reduced  to 
somewhere  near  the  tenij)eraturc  of  the  surrounding  air,  as  otherwise 
the  contents  may  l)e  destroyed  by  spontaneous  combustion  on  exposure 
to  the  air.  PL  LII,  .1,  is  a  view  of  one  of  the  oldest  vaults  in  San 
Francisco,  that  of  the  old  Wells,  Fargo  &  Co.'s  Express,  which  passed 
the  fire  test  satisfactorily. 

The  writer  is  of  the  opinion  that  the  presiMit  commercial  hollow 
7171— Bull.  324—07 6 
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terra-cotta  tile  is  largely,  if  not  entirely,  devoid  of  merit  for  fire- 
proofing  purposas.  Even  when  it  is  of  the  best  grade  and  workman- 
ship it  can  hardly  be  considered  a  first-class  building  material.  At 
a  comparatively  low  temperature  the  tiles  fail,  the  thin  webs  spalling 
from  unequal  expansion.  A  more  porous  tile,  with  thicker  webs 
keyed  together  and  laid  in  Portland-cement  mortar  with  tight  joints, 
w^ould  unquestionably  be  more  suitable  for  the  purpose.  It  may  be 
true  that  in  case  of  repairs  after  a  fire  damaged  tile  of  the  usual 
commercial  type  can  readily  be  detected  and  renew^ed.  Terra-cotta 
tiling  may,  however,  allow  sufficient  heat  to  pass  through  it  to  soften 
slightly  the  steel  member  w^hich  it  encases  and  still  remain  in  posi- 
tion, thus  hiding  the  defect.  Several  examples  of  this  condition  were 
found. 

The  advocates  of  terra-cotta  tile  contend  that  concrete  may  be 
seriously  damaged  by  dehydration  without  noticeable  change  in  its 
appearance.  A^Hiile  this  contention  may  be  justified,  it  should  be 
noted  that  any  weakness  or  softness  may  be  as  readily  detected  and 
repaired  in  concrete  as  in  terra  cotta.  Concrete,  moreover,  has  the 
great  advantage  of  being  a  nonconductor  of  heat,  and  so  will  with- 
stand a  prolonged  heat  lx»fore  the  damage  extends  to  any  great  depth ; 
and  it  usually  remains  in  place,  maintaining  its  protective  qualities. 
The  value  of  a  structure  or  of  a  method  of  fireproofing  is  determined 
largely  by  ascertaining  what  portion  of  the  structure  is  left  avail- 
able for  use  after  the  fire.  The  word  ''  fireproof "  is  of  course  a 
misnomer,  for  no  building  is  absolutely  fireproof;  and  the  resist- 
ance offered  to  fire  is  one  of  degree  only,  for  if  the  heat  be  suflSciently 
high  and  j)rolonged,  nothing  can  withstand  it.  The  best  materials 
are  nonconductors  of  heat,  having  high  fusing  points.  At  high 
temperature  concrete  loses  its  water  of  crystallization,  but  the  depth  to 
which  this  dehydration  goes  and  the  rate  at  which  it  takes  place  are 
the  factors  that  determine  the  efl'ectiveness  of  the  material.  The 
heat  insulation  afforded  by  concrete  is  of  a  high  order,  and  to  obtain 
the  best  results  a  sufficient  thickness  must  be  applied.  This  required 
thickness  is  naturally  a  variable  quantity;  2  inches,  or  even  1  inch, 
may  be  sufficient  for  an  office  building,  but  would  be  inadequate  for 
a  warehouse.  Thes(»  renuirks  concerning  concrete  also  apply  to  all 
other  forms  of  fireproofing.  The  prime  point  on  which  information 
should  be  procured  is  the  thickness  of  the  insulation  for  proper  pro- 
tection against  fire. 

Perhaps  the  most  important  problem  is  that  of  protecting  a  build- 
ing from  fire  from  without.  To  do  so  means  the  protecting  of  all 
openings  and  the  making  of  the  roof  equally  as  resistant  as  the  other 
parts  of  the  structure.  Buildings  should  be  self-contained — that  is, 
protected  against  exterior  fires  and  capable  of  fighting  fii^e  from  the 
inside;  and  in  earthquake  countries,  where  the  outside  water  serviw 


Digitized  by  VjOOQIC 


WATER   SUPPLY   AND   OTHER   MEANS    OF    FIGHTING   FIRE.  55 

is  likely  to  fail  through  rupture  of  the  steel  mains,  it  is  highly 
desirable  to  have  an  independent  supply,  as  from  an  artesian  well, 
with  the  necessary  pumps  and  service  pipe. 

In  the  matter  of  fireproofing,  certain  definite  recommendations  may 
be  deduced  from  the  San  Francisco  conflagration,  as  follows: 

1.  Exterior  openings  should  be  protected  by  the  use  of  metal 
frames  or  metal-covered  frames  with  wire  glass,  or  exterior  iron 
shutters  or  interior  metal-covered  shutters,  or  both  exterior  and 
interior  shutters. 

2.  The  structural  members,  especially  the  columns,  should  be  better 
protected,  preferably  with  solid  concrete;  they  may  be  filled  with 
brick  and  covered  with  terra  cotta  or  with  a  double  layer  of  cement- 
plastered  metal  lath,  with  an  air  space  between. 

3.  There  should  be  a  better  type  of  partition,  the  present  plastered 
metal  lath  or  hollow  terra-cotta  tile  being  inadequate.  Keen  forced- 
concrete  partitions  are  much  more  efficient. 

4.  All  combustible  trim  should  be  eliminated.  The  fire  loss  from 
this  item  is  high,  and  it  should  be  so  designed  as  to  be  replaced  readily 
and  cheaply. 

5.  Attic  floors  and  roofs  should  be  designed  to  resist  fire.  In  many 
buildings  the  roof  members  were  not  fireproofed  and  their  failure 
caused  great  damage. 

6.  Buildings  should  be  so  arranged  that  the  fire  could  be  confined 
to  a  single  room. 

WATER  SUPPLY  AND   OTHER  METHODS   OF  FIGHTING   FIRE. 

In  connection  with  the  matter  of  the  fireproof  construction  of 
buildings  above  referred  to,  certain  suggestions  may  be  made  in 
regard  to  private  and  public  facilities  for  fighting  fire,  as  follows: 

1.  An  independent  water  supply  and  other  facilities  for  fighting 
the  fire  from  either  within  or  without  should  be  provided. 

2.  Another  very  important  problem,  at  least  so  far  as  San  Fran- 
cisco is  concerned,  is  that  of  the  public  water  supply.  The  failure 
of  a  gridiron  system  of  cast-iron  pipes  seriously  cripples  a  water 
supply,  no  matter  how  large  may  be  the  storage.  It  is  also  evident 
that  greater  care  must  Iw  exercised  in  the  laying  of  these  mains, 
especially  in  filled  ground  or  alluvial  soil,  where  failures  are  likely 
to  occur.  A  system  of  by-passes  should  be  provided,  so  arranged  as 
to  permit  the  cutting  out  of  portions  which  are  broken  or  otherwise 
damaged,  and  some  system  should  be  installed  for  quick  repairs  under 
emergency  conditions. 

3.  A  high-pressure  service  operated  from  the  bay,  using  salt 
water,  would  also  be  an  essential  feature.  This  service  might  neces- 
sitate a  floating  pumping  station,  as  recommended  by  the  National 
Board  of  Fire  Underwriters, 
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4f  The  use  of  explosives,  such  as  dynamite,  for  fighting  a  fire 
should  be  greatly  restricted  and  intrusted  to  experts  only,  or  else 
abandoned.  It  is  extremely  doubtful  whether  the  progress  of  a  fire 
can  be  checked  by  dynamiting  in  advance  of  the  fire  ^without  the 
removal  or  thorough  wetting  of  the  debris.  Such  procedure  would 
have  been  impossible  in  San  Francisco,  as  the  water  supply  was 
unavailable  and  it  was  impossible  to  carry  away  the  wreckage.  The 
indiscriminate  dynamiting  did  more  harm  than  good,  for  the  reason 
that  the  concussions  injured  the  surrounding  buildings,  as  shown,  for 
example,  by  the  extensive  damage  done  at  the  post-office.  Back  firing 
would  have  l>een  equally  bad,  because  to  apply  this  method  success- 
fully plenty  of  water  for  controlling  the  fire  is  necessary.  A  fire 
stop  is  the  best  way  of  checking  a  conflagration,  and  a  fireproof 
structure  makes  the  best  fire  stop  if  it  has  well-protected  openings. 

GENKRAIi  IiE880N8  OF  THE  EARTHQUAKE  ANJ>  FIRE, 

In  considering  the  results  of  the  destruction  which  was  wrought  by 
the  earthquake  and  fire  there  appear  certain  salient  features  from 
which  conclusions  may  be  drawn.  In  regard  to  the  possibility  of  the 
erection  of  an  earthquake-proof  structure,  it  is  apparent  and  univer- 
sally admitted  that  it  would  be  impossible  to  build  on  the  fault  line 
a  structure  which  could  withstand  the  effect  of  a  slip.  Furthermore, 
it  is  realized  that  in  building  near  the  fault  on  soft  or  alluvial  soil 
extra  precautions  must  be  taken;  for  example,  location  of  the  San 
Francisco  water  mains  in  ground  of  this  character  was  unwise,  since 
it  is  difficult  to  design  a  waterworks  system  capable  of  resisting  the 
effect  of  settling  of  the  ground.  The  importance  of  proper  construc- 
tion and  distribution  of  the  water  mains  in  districts  liable  to  earth- 
quakes is  demonstrated  by  the  fact  that  the  greatest  damage  in  San 
Francisco,  fully  85  per  cent  of  the  total,  was  by  fire.  The  action  of 
the  earthquake  in  starting  the  fires  which  grew  to  a  great  conflagra- 
tion seems  insignificant  compared  to  the  breaking  of  the  water  mains, 
which  left  the  city  defenseless  against  the  flames. 

The  comparatively  great  destruction  wrought  by  the  earthquake 
to  structures  located  on  filled  ground  or  alluvial  soil  has  already  been 
pointed  out.  The  destruction  in  San  Francisco  was  confined  largely 
to  buildings  located  on  the  alluvium  of  the  flats  or  on  the  filled 
ground  of  old  watercourses.  That  structures  can  be  built,  however, 
which  will  satisfactorily  meet  even  such  conditions  when  adequate 
foundations  are  provided,  extending  through  the  soft  material  to  a 
solid  base,  is  demonstrated  by  the  behavior  of  such  buildings  as  the 
Iceland  Stanfortl  Junior  Museum  (PI.  XIV,  -1)  and  Roble  Hall,  at 
Stanford  Universitv;  the  Government  buildings  (Pis.  XXVIII,  A; 
XXXVIII;  XLII^  B;  XLIII;  XLIV),  and  the  Call  and  other 
buildings  in  San  Francisco, 
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The  structures  which  suffered  most  from  the  earthquake  were — 

1.  The  municipal  and  county  buildings.  The  greatest  destruction 
was  sustained  by  these  buildings,  which  were  generally  badly  de- 
signed and  poorly  constructed  of  inferior  materials,  while  the  well- 
built,  substantial  Government  buildings  suffered  less. 

2.  Lightly  and  flimsily  constructed  wooden  buildings.  Well-con- 
structed wooden  buildings  generally  withstood  the  shock,  but  those 
that  were  flimsily  built,  resting  upon  posts  or  equally  insufficient 
foundations,  collapsed,  even  where  they  were  fairly  well  designed. 
The  essentials  of  earthquake-resisting  power  are  vertical  continuity, 
adequate  diagonal  bracing,  and  first-class  foundations.  ^ 

3.  Improperly  built  brick  and  stone  structures.  The  brick  walls 
which  failed,  either  by  being  shaken  down  entirely  or  by  shattering, 
were  laid  in  lime  mortar  with  few  header  courses,  and  generally  had 
wooden  frames  with  little  or  no  bracing  and  no  tie  to  the  walls. 
Stone  and  brick  masonry  cracked  diagonally  in  the  form  of  an  X. 
Hollow-tile  partitions  and  masonry  of  brick  or  stone  were  similarly 
cracked,  ^although  this  injury  was  small  where  Portland -cement 
mortar  was  used.  Where  the  walls  were  laid  with  hard  brick,  with 
plenty  of  headers  and  in  Portland-cement  mortar,  and  were  properly 
tied  to  the  floor  and  roof  members  there  was  little,  if  any,  damage. 
Chimneys  collapsed  most  generally,  breaking  about  halfway  up,  and 
destroyed  in  part  at  least  the  structures  upon  which  they  fell.  While 
the  evidence  was  by  no  means  conclusive,  it  appeared  to  the  writer 
that  brick  stacks  of  circular  section  proved  more  substantial  than 
square  ones.  The  stack  of  the  Valencia  street  power  plant,  which 
was  of  eight-pointed  star  section,  collapsed,  the  part  which  remained 
standing  showing  cracks  at  one  of  two  opposite  reentrant  angles 
almost  to  the  base  (PI.  LIII,  A).  It  is  quite  evident  that  brick 
stacks  and  similar  tall  structures  built  of  brick  or  stone  without 
reenforcement  against  flexure,  or  without  being  guyed,  are  unsuitable 
for  use  in  countries  liable  to  earthquake  shock.  They  should  be  con- 
structed either  of  steel,  guyed,  or,  if  self-supporting,  of  steel  or  reen- 
forced  concrete.     (See  also  PI.  XIII,  A.) 

4.  Insufficiently  braced  and  loosely  constructed  steel  structures. 
In  structures  which  were  deficient  in  diagonal  bracing  the  effect  of 
the  earthquake  was  localized  in  the  piers  between  openings  and  cur- 
tain walls  in  characteristic  X  cracks.  In  tall  structures  like  the  Call 
Building,  the  tower  of  the  Union  Ferry  Building,  and  others,  the 
diagonal  bracing  that  had  been  installed  proved  insufficient,  and  the 
diagonals  at  about  the  middle  distance  between  the  top  and  base  were 
strained  beyond  the  elastic  limit  of  the  material,  acquiring  a  perma- 
nent set,  which  was  indicated  by  a  slight  buckling.  It  is  assumed 
that  the  effect  of  earthquake  shock  on  diagonal  bracing  is  equiva- 
lent to  a  heavy  wind  pressure,  variously  estimated  at  30  to  50  pounds 
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per  square  inch.  The  writer  believes  that  the  higher  figure  should  be 
used,  because  the  essential  in  satisfactory  earthquake-resistant  design 
is  rigidity,  whereby  the  structure  moves  as  a  unit.  Unless  there 
should  be  earthquakes  of  greater  severity  than  the  one  under  discus- 
sion, no  fear  need  l)e  felt  for  tall  buildings.  It  has  been  fully 
demonstrated  that  a  steel  frame  well  braced  diagonally  upon  an 
adequate  foundation  successfully  meets  the  earthquake  requirements; 
not  even  the  masonry  being  injured  to  any  great  extent. 

Concrete,  especially  reen forced  concrete,  because  of  its  great  ad- 
hesive strength  and  reenforcing  metal,  proved  more  satisfactory 
than  any  other  material.  Its  solid  monolithic  structure  produces  a 
successful  earthquake-resisting  material,  inasmuch  as  it  moves  as  a 
unit;  moreover,  it  offei's  a  maximum  resistance  to  fire.  The  great 
concrete  dam  of  the  Crystal  Springs  Lake  at  San  Mateo  (PI.  XI,  B) 
gave  abundant  proof  of  the  substantial  qualities  of  concrete  in  a  mass, 
for  although  it  lies  within  a  few  hundred  yards  of  the  fault,  it 
suffered  no  damage.  Solid  concrete  floors  proved  satisfactory, 
though  concrete  in  San  Francisco  was  of  a  very  poor  quality,  and 
flimsy  concrete  stiffened  with  light  metal  passed  as  reenforced  con- 
crete. Cinder  concrete  was  used  extensively  for  floors  and  elsewhere, 
and  was  of  a  very  inferior  grade.  Much  of  it  w  as  high  in  sulphides, 
which  had  a  deleterious  effect  on  the  embedded  material,  especially 
in  floors  where  slight  cracks  permitted  air  and  moisture  to  come  In 
contact  with  these  sulphides  and  the  metal.  For  a  proper  earthquake- 
proof  structure,  everything — the  design,  the  materials  used,  and  the 
w^orkmanship — must  be  fii-st-class.  Most  of  the  failures  resulted 
from  bad  design,  poor  workmanship,  and  poor  materials.  If  reen- 
forced concrete  of  the  quality  described  could  give  such  satisfactory 
results  in  meeting  the  extraordinary  conditions  of  the  San  Francisco 
earthquake  and  fire,  it  is  evident  that  much  greater  satisfaction  would 
have  l)een  given  by  the  use  of  first-class  material. 

The  causes  of  the  failures  in  San  Francisco  may  be  summarized 
as  follows: 

1.  The  effort  on  the  part  of  those  qualified  to  design  and  advise  on 
building  construction  to  meet  the  owners'  demands  by  planning 
structures  so  that  they  can  l)e  ei^ected  for  the  least  possible  cost,  a 
practice  which  tends  to  a  departure  from  the  principles  of  correct 
design,  the  result  being  a  structure  that  will  carry  ordinary  loads, 
but  that  fails  when  subjected  to  unusual  conditions.  Such  was  the 
case  at  Stanford  I^niversity,  where  the  poorly  constructed  stone- 
veneered  buildings  met  ordinary  conditions,  but  failed  in  the  earth- 
quake: while  the  more  substantial  structures,  like  the  dormifories — 
one  of  reenforced  concrete  and  the  other  of  solid  stone  masonry — 
survived. 

2.  Actually  dishonest  design  and  construction. 
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The  following  requirements  should  be  adhered  to  in  structure's  for 
earthquake  countries  : 

1.  Location  on  or  near  the  fault  should  be  avoided. 

2.  Foundations  and  superstructures  should  l>e  so  built  that  they 
will  move  as  a  unit. 

3.  Wooden  structures  should  be  rather  heavily  framed,  with  con- 
tinuity in  the  vertical  members,  adequate  diagonal  bracing,  and  sub- 
stantial foundations. 

4.  Steel  structures  should  rest  upon  an  adequate  foundation  and 
be  thoroughly  braced  diagonally.  This  feature  is  a  most  important 
one,  as  rigidity  is  absolutely  essential. 

5.  Brickwork  and  stonework  should  be  thoroughly  bonded  with 
full  header  courses  laid  in  Portland-cement  mortar. 

0.  Masonry  should  be  thoroughly  tied  to  the  steel  or  other  framing 
members. 

7.  Buildings  should  have  no  unnecessary  material  in  their  super- 
structures, and  heavy  ornamentation  should  l)e  omitted. 

8.  Flimsy  floors  and  partitions  should  be  avoided;  reenforced  con- 
crete is  an  excellent  material  for  both. 

Professor  Omori,  chairman  of  the  Japanese  earthquake  commis- 
sion, and  other  earthquake  authorities,  have  stated  that  great  earth- 
quakes are  followed  by  a  settled  condition  in  the  earth's  surface  and 
that  there  is  an  interval  of  fifty  or  one  hundred  years  during  which 
no  earthquakes  occur.  The  general  fear  which  prevailed  during  the 
first  days  following  the  earthquake  has  l)een  quieted  by  these  assur- 
ances, which  have  also  created  a  feeling  of  security  that  has  led  to  a 
relaxation  of  the  precautions  necessary  in  the  work  of  reconstruction. 
The  lessons  taught  by  the  great  calamities  such  as  have  befallen  San 
Francisco,  Baltimore,  Chicago,  and  other  cities  are  not  regarded.  It 
is  very  probable  that  the  new  San  Francisco  to  rise  on  the  ruins  will 
be,  to  a  large  extent,  a  duplicate  of  the  former  city  in  defects  of 
construction. 

OBSTACLES  TO   RECOXSTUUCTIOX   OF   .SAN  FRANCISCO. 

The  actual  loss  by  fire  in  San  Francisco  was  much  greater  than  in 
the  Baltimore  fire,  for  the  reason  that  many  insurance  companies 
have  taken  advantage  of  the  earthquake  clause  in  the  policies  and 
failed  to  pay  their  claims,  while  others  without  the  requisite  funds 
were  unable  to  pay  the  large  claims  in  full.  This  failure  to  pay  a 
very  considerable  percentage  of  the  fire  losses  and  the  delay  in 
adjusting  them  have  proved  serious  setbacks  in  the  progress  of 
reconstruction. 

The  new  building  code  is  also  operating  against  the  best  interests 
of  the  city.     The  arbitrary  classification  of  buildings  based  on  the 
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type  of  construction  is  one  wliich  will  result  in  more  harm  than  good. 
Those  interested  in  its  preparation  directed  their  attention  princi- 
pally to  office  and  other  large  buildings,  apparently  not  realizing 
that  the  greater  proportion  of  reconstruction  will  consist  of  small 
three  or  four  story  buildings.  The  fact  that  a  structure  is  built  of 
steel  and  fireproofed  does  not  make  it  superior  to  those  representing 
other  types  of  construction,  for  poor  materials  and  workmanship 
may  produce  inferior  quality,  whatever  the  type. 

The  proposed  code  discriminates  against  reenforced-concrete  build- 
ings in  designating  them  as  class  B  structures.  WTiile  not  inten- 
tional, this  conveys  the  impression  that  such  buildings  are  next  in 
order  of  superiority  to  structures  of  class  A.  Class  A  should  embrace 
buildings  so  well  designed  and  constructed  of  such  first-class  materials 
that  they  afford  the  maximum  resistance  to  fire,  and  should  repre- 
sent the  best  method  of  fireproof  construction  regardless  of  type. 

That  there  was  only  one  reenforced-concrete  building  of  the  mod- 
em type  in  San  Francisco  was  due  in  part  to  the  opposition  of  the 
labor  unions.  The  exorbitant  demands  for  wages,  coupled  with  the 
high  cost  of  materials,  have  proved  a  serious  handicap.  The  cost  of 
all  construction  work  is  excessive  at  the  present  time,  and  business  in- 
terests will  suffer  from  the  shrinkage  in  value  which  will  follow  the 
fall  in  price  of  labor  and  materials.  This  policy  of  the  labor  organi- 
zations is  materially  interfering  with  and  checking  the  work  of  recon- 
struction. 

In  addition  to  these  labor  difficulties,  the  questions  of  widening 
and  extending  old  streets  and  opening  new  ones,  for  the  purpose  of 
carrying  out  the  plans  for  the  new  and  greater  city,  are  still  unde- 
cided, and  most  of  the  business  men  are  unwilling  to  begin  the  work 
of  reconstruction  until  these  points  are  settled. 

STATISTICS  AXI>  GKXKRAL  INFORMATION. 

The  defects  of  construction  which  are  so  strongly  condemned  by 
reason  of  the  failure  of  the  structures  were  no  worse  than  those  gen- 
erally existing  throughout  the  United  States.  The  same  defects  are 
common,  and  it  is  evident  that  the  same  result  would  follow  an  earth- 
quake of  equal  intensity  in  another  part  of  the  country.  A  moment's 
consideration  will  show  that  the  loss  of  life  and  property  in  New 
York,  for  example,  under  similar  conditions,  would  be  enormous. 
The  damage  to  property  in  San  Francisco  is  estimated  at  $250,000,000, 
but  this  sum,  large  as  it  is,  is  exceeded  by  the  total  annual  expendi- 
tures for  new  construction  in  New  York. 

The  loss  of  life  from  earthquakes  is  usually  very  great.  That  it 
did  not  exceed  500  in  San  Francisco  is  explained  by  the  fact  that  at 
the  time  of  its  occurrence,  during  the  early  hours  of  the  morning, 
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most  of  the  inhabitants  were  in  houses,  90  per  cent  of  which  were  of 
frame.  Structures  of  this  type  withstood  the  earthquake  shock  par- 
ticularly well,  which  accounts  for  the  minimum  loss  of  life.  Had 
the  earthquake  occurred  four  or  five  hours  later,  when  the  people 
were  performing  their  daily  tasks,  in  offices,  schools,  etc.,  or  on  the 
streets,  the  loss  of  life  must  have  been  very  great.  The  writer  saw 
a  view  of  a  drove  of  cattle  buried  under  the  ruins  of  a  fallen  wall 
while  passing  through  Mission  street,  which  graphically  told  the 
story  of  what  might  have  occurred  had  the  shock  come  later  in  the 
day.  Although  the  loss  of  life  was  smuU,  more  than  200,000  people 
were  rendered  homeless  and  dependent,  on  the  authorities  for  even 
the  necessaries  of  life. 

In  three  days  the  tremendous  area  of  more  than  2,593  acres  was 
burned,  destroying  entirely  490  city  blocks  and  in  part  32  blocks. 
(See  Pis.  LIV-LVII.)  Of  this  area,  314  acres  constituted  the  con- 
gested district,  on  which  there  was  $250,000,000  insurance,  probably 
representing  a  value  of  at  least  $500,000,000. 

In  the  Baltimore  fire  (February,  1904)  1,343  buildings  were  de- 
stroyed, having  an  assessed  value  of  $12,908,300.  In  two  years  these 
burned  buildings  were  replaced  by  570  buildings,  whose  assessed 
value  is  $20,000,000.  These  new  buildings  are  larger  than  the  old, 
and  the  widening  of  the  streets  has  eliminated  700  building  lots.  It 
is  expected  that  when  the  reconstruction  within  the  burned  district 
is  complete  there  will  be  fewer  than  800  buildings,  of  which  the 
assessed  value  will  be  fully  $25,000,000.  It  is  therefore  quite  reason- 
able to  suppose  that  the  assessed  value  of  the  reconstructed  San 
Francisco  will  be  at  least  double  that  at  the  time  of  the  catastrophe. 
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THE  EPPBCrS  OF  THE  EARTHQUAKE  AND  FIRE 
ON  BUILDINGS,  ENGINEERING  STRUCTURES,  AND 
STRUCTURAL  MATERIALS. 


By  John  Stephen  Sewell. 


INTRODUCTION. 

SCOPE  OF  THE  INVESTIGATION. 

The  following  pages  contain  the  matter  of  a  report  dated  July  5, 
1906,  to  Brig.  Gen.  Alexander  Mackenzie,  Chief  of  Engineers,  United 
States  Army,  of  an  inspection  made  by  me  of  the  ruins  of  San 
Francisco,  in  accordance  with  Special  Orders  No.  97,  dated  War 
Department,  Washington,  April  23,  1906. 

I  arrived  in  San  Francisco  on  the  morning  of  May  8,  1906,  and 
remained  until  the  night  of  May  19.  My  orders  directed  me  to  inves- 
tigate the  eflfect  of  the  fire  and  earthquake  on  buildings  and  engineer- 
ing structures  in  the  territory  aflfected  by  the  earthquake,  and  author- 
ized me  to  visit  such  points  in  addition  to  San  Francisco  as  it  might 
be  necessary  to  observe.  As  soon  as  possible  after  my  arrival,  I 
called  on  the  various  military  and  civil  authorities,,  and  procured 
from  the  latter  permits  authorizing  me  to  enter  and  inspect  the  dam- 
aged structures. 

It  appeared  that  in  the  territory  affected  by  the  earthquake,  in 
addition  to  buildings  of  various  types,  there  were  the  works  of  the 
Spring  Valley  Water  Company  and  fortifications,  light-houses,  and 
railroad  structures.  Some  rumors  of  collapsed  tunnels  on  the  coast 
division  of  the  Southern  Pacific  Railroad  had  l>een  circulated  in  the 
East  before  I  left  Washington.  I  found  on  inquiry,  however,  that 
no  tunnels  had  collapsed,  and  whatever  damage  had  been  done,  except 
to  buildings  along  the  line,  had  been  wholly  or  partly  repaired  before 
I  reached  California. 

Inquiry  among  engineers  and  others  competent  to  speak  disclosed 
the  fact  that  the  dams  of  the  Spring  Valley  Water  Company  were 
practically  not  injured  by  the  earthquake.  Considerable  damage  was 
done  to  some  of  their  conduits  and  to  the  pipes  of  the  distribution 
system.  Inquiry  in  reference  to  these  items  disclosed  the  fact  that  a 
62 
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personal  examination  would  consume  a  great  deal  of  time.  It  also 
disclosed  the  fact  that  an  examination  was  in  process  by  competent 
engineers,  and  Major  McKinstry  undertook  to  get  for  me  a  report  of 
the  results  of  this  examination.  As  a  matter  of  fact,  I  have  been 
allowed  to  see  a  copy  of  such  a  report  made  by  Charles  D.  Marx 
and  Charles  B.  Wing,  which  the  authors  prefer  not  to  have  pub- 
lished as  yet.  However,  certain  essential  facts  as  to  the  condition 
of  dams,  conduits,  etc.  (see  Pis.  IX;  X,  A;  XI,  B)j  are  taken  from  it 
and  embodied  further  on  in  my  own  report ;  although  the  photographs 
and  certain  other  features  of  the  report  itself,  which  seem  to  be  pe(!ul- 
•iarly  the  property  of  its  authors,  are  not  submitted  herewitii.  In 
view  of  the  fact  that  the  results  of  the  examination  of  the  waterworks 
were  promised  to  me,  it  seemed  superfluous  for  me  to  visit  the  dams 
and  conduits,  except  as  a  matter  of  personal  interest,  and  as  my  time 
was  very  short,  I  decided  not  to  do  so. 

The  light-houses  and  fortifications  are  in  charge  of  competent  offi- 
cers, whose  duty  it  is  to  report  the  nature  and  extent  of  the  damage 
done  to  them  by  the  earthquake.  As  an  inspection  of  the  light-houses 
w^ould  have  involved  a  great  deal  of  time,  I  decided  not  to  attempt 
to  visit  them,  and  made  only  a  superficial  examination  of  the  forti- 
fications. 

As  my  own  experience  has  been  mainly  in  the  line  of  fireproof 
buildings,  however,  I  made  a  very  careful  inspection  of  the  ruins  of 
San  Francisco  itself,  and  also  visited  Oakland  and  Palo  Alto,  with 
a  view  to  inspecting  damaged  buildings  at  those  points.  I  found,  as 
a  result  of  those  trips  and  by  inquiry  among  competent  witnesses, 
that,  with  one  exception,  there  was  no  type  of  building  in  the  affected 
district  which  was  not  well  represented  among  the  buildings  of  San 
Francisco.  The  exception  was  the  concrete  work  at  Inland  Stanford 
Junior  University,  near  Palo  Alto,  to  which  specific  reference  is 
made  on  page  113.  The  greater  part  of  my  time,  for  the  reasons 
above  outlined,  was  spent  within  the  limits  of  San  Francisco  itself, 
and  much  of  it  within  what  had  been  the  congested  district  of  the 
city. 
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material  assistance  in  the  way  of  transportation  when  needed,  and 
especially  in  placing  at  my  disposal  the  services  of  Private  William  H. 
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able for  the  purposes  of  my  report.  I  was  also  much  indebted  to 
Maj.  C.  H.  McKinstry,  Corps  of  Engineers,  who  gave  me  much 
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valuable  information  that  made  it  possible  to  avoid  useless  expendi- 
ture of  time,  and  who  was  also  of  great  service  in  procuring  for  me 
the  necessary  permits  from  the  local  civil  authorities. 

EXTRACTS  FROM  THE  REPORT  OF  A  COMMITTEE  OF  THE  NATIONAL 
BOARD  OF  FIRE  UNDERWRITERS  ON  SAN  FRANCISCO  CONDI- 
TIONS. 

San  Francisco  before  the  earthquake  and  fire  consisted  mainly  of 
frame  and  brick  buildings  of  ordinary  construction.  A  few  adobe 
buildings  still  remain,  but  there  were  not  many  of  these.  There 
were  about  45  so-called  fireproof  buildings  in  the  city,  and  a  small 
number  of  so-called  slow-burning  buildings,  modeled  more  or  less 
loosely  along  the  lines  of  the  New  England  mills.  A  fair  idea  of  the 
general  nature  of  the  city,  so  far  as  buildings  are  concerned,  is  given 
in  the  following  quotations  from  a  report  on  San  Francisco  issued  by 
the  committee  of  twenty  of  the  National  Board  of  Fire  Underwriters 
in  October,  1905 : 

CONFL.VGRATION    HAZARD. 

Potential. — In  view  of  the  excessively  large  areas,  great  heights,  numerous 
unprotected  openings,  general  absence  of  fire  breaks  and  stops,  highly  com- 
bustible nature  of  the  buildings,  many  of  which  have  sheathed  walls  and  ceiUngs, 
frequency  of  light  wells,  and  the  presence  of  interspersed  frame  buildings,  the 
potential  hazard  is  very  severe. 

Probability  feature. — The  above  features,  combined  with  the  almost  total  lack 
of  sprinklers,  and  absence  of  modern  protective  devices  generally,  numerous 
and  mutually  aggravating  conflagration  breeders,  high  winds  and  compara- 
tively narrow  streets,  make  the  probability  feature  alarmingly  severe. 

Summary. — While  two  of  the  five  sections  into  which  the  congested- value 
district  is  divided  involve  only  a  mild  conflagration  hazard  within  their  own 
limits,  they  are  badly  exposed  by  the  others,  in  which  all  the  elements  of  the 
conflagration  hazard  are  present  to  a  marked  degree.  Not  only  is  the  hazard 
extreme  within  the  congested-value  district,  but  it  is  augmented  by  the  presence 
of  a  compact  surrounding,  great-height,  large-area,  frame-residence  district, 
itself  unmanageable  from  a  fire-fighting  standpoint  by  reason  of  adverse  con- 
ditions introduced  by  the  topography.  In  fact,  San  Francisco  has  violated  all 
underwriting  traditions  and  precedents  by  not  burning  up ;  that  it  has  not  done 
so  is  largely  due  to  the  vigilance  of  the  fire  department,  which  can  not  be  relied 
upon  indefinitely  to  stave  off  the  inevitable. 

In  another  portion  of  the  same  report  the  following  occurs: 

The  principal  features  affecting  the  conflagration  hazard  in  the  business  sec- 
tion are  bad  exposures,  poor  construction,  lack  of  proper  protective  devices, 
excessive  height  in  nonfireproof  buildings,  large  floor  areas,  and  the  large  per- 
centage of  frame  construction  present 

The  mixed  dwelling  and  minor  mercantile  section  which  immediately  sur- 
rounds the  congested-value  district,  and  extends  from  it  in  all  directions  with 
more  or  less  uniformity,  is  alarmingly  compact. 

♦  ♦  ♦  The  security  resulting  from  a  combination  of  redwood  and  such 
dampness  as  exists  in  San  Francisco  is  regarded  by  the  national  board  engineers 
as  fancied  merely. 
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In  addition  to  the  frame,  ordinary  joisted  brick,  so-called  fireproof, 
and  mill  buildings,  there  were  in  San  Francisco  four  buildings  of  a 
monumental  type,  so  far  as  weight  of  construction  was  concerned. 
These  were  the  new  city  hall  (PI.  XXXI),  the  new  post-office  build- 
ing (Pis.  XLIII  and  XLIV),  the  United  States  mint  (PL 
XXXVIII),  and  the  appraisers'  stores,  or  custom-house  (PI. 
XXVIII,  A).  The  few  mill  buildings  which  existed  were  not  of  a 
standard  type,  according  to  the  report  of  the  National  Board  of 
Fire  Underwriters.  The  fireproof  buildings  had  been  erected  in 
accordance  with  the  building  laws  of  San  Francisco,  which  provided 
for  three  principal  types  of  commercial  buildings,  known  as  class  A, 
class  B,  and  class  C. 

The  general  requirements  for  buildings  of  these  classes  and  for  mill 
buildings  are  as  follows: 

BUILDINGS   IN   FIRE  LIMITS. 

Section  9G.  Every  building  liereafter  erected  within  tlie  fire  limits  shall  be 
construQted  in  accordance  with  the  requirements  of  this  ordinance  for  the  con- 
struction of  buildings  of  either  class  A,  class  B,  or  class  C. 

BUILDINGS    OF    CLASSES    A,    B.    AND    C. 

Section  97.  Class  A,  termed  **  fireproof,"  or  '*  skeleton  construction,"  shall 
include  all  buildings  wherein  all  external  and  internal  loads  and  strains  are 
transmitted  from  the  top  of  the  building  to  the  foundation  by  skeleton  or  frame- 
work of  steel,  and  the  beams  or  girders  of  which  are  riveted  to  each  other  at 
their  respective  juncture  joints.  A  building  of  this  class  must  be  constructed 
of  noninfiammable  material  throughout,  and  aU  interior  constructive  metal 
ivork,  with  the  exception  of  the  framimr  for  elevators  and  staircases,  shall  be 
protected  from  fire  by  brick  or  terra  cotta  at  least  H  inches  thick,  or  by  plas- 
tering three-fourths  of  an  inch  thick  applied  to  metal  lath.  The  face  of  the 
plastering  shall  be  li  inches  from  the  metal.  Wood  may  be  used  only  for 
window  and  door  frames,  sashes,  standing  finish,  hand  rails  for  stairs,  and  for 
the  upper  and  under  floors  and  their  necessary  sleepers.  Wood  may  also  be 
used  for  isolated  furring  blocks,  but  this  class  shall  not  permit  the  use  of  laths 
or  furrings  of  wood. 

Class  B.  A  building  of  this  class  shall  be  constructed  with  all  its  exterior 
walls  and  piers  of  masonry,  or  of  masonry  and  steel,  and  all  exterior  surfaces 
other  than  masonry  shall  be  covered  with  noninfiammable  materials.  All  par- 
titions, furred  walls,  or  other  plastered  surfaces  throughout  shall  l>e  metal 
lathed.  All  Interior  metal  work  shall  be  protected  as  in  class  A,  and  in  addition 
the  floor  and  ceiling  joists,  posts,  roof  i)oards,  and  partitions  may  be  of  wood  in 
such  places  as  does  not  violate  the  requirements  of  any  section  or  clause  of  this 
ordinance. 

Class  C.  A  building  of  this  class  shall  be  constructed  the  same  as  class  B  in 
every  respect,  except  as  to  the  retjulrements  for  Interior  lathing. 

Section  98.  Limit  of  height  of  buildings  of  classes  A.  B,  and  (': 

Feet. 

Class  A,  limit  of  height 220 

Class  B,  limit  of  height KXl 

Class  C,  limit  of  height 82 

(As  amended  by  Ordinance  1297.) 
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SLOW-BURNING    OR    "MILL"    CONSTRUCTION. 

Section  01*.  A  building  of  tlie  slow-lmrning  or  **  mill "  construction  type  is  a 
building  wbose  outside  walls  are  built  of  masonry,  concentrated  In  piers  or 
buttresses,  between  wbich  is  a  thin  wall  containing  tbe  door  and  window  open- 
ings, and  whose  floors  and  roof  are  tH)nstructed  of  heavy  timbers,  covered  with 
plank  o'f  a  suitable  thickness;  the  girders  being  supjwrted  between  the  walls 
by  ix)sts. 

SOME  FEATUKK8  OF  TIIE  P1A.RTIIQUAKK  AXI>  FERE. 

AMOUNT  OF  DESTRUCTION   DUE  TO  THE  EARTHQUAKE  AND   FIRE, 

RESPECTIVELY. 

Within  the  burned  area  all  frame  buildings  and  practically  all 
buildings  with  timber  floors  were  totally  destroyed,  with  all  their 
contents.  This  classification  includes  mill  buildings  and  those  of 
every  other  type  in  wdiich  the  floor  construction  is  combustible. 
Practically  all  the  so-called  fireproof  buildings  were  gutted,  and 
their  contents  were  a  total  loss.  The  average  loss  on  the  buildings  of 
class  A  was,  in  my  judgment,  considerably  in  excess  of  the  average 
loss  on  the  "  fireproof  "  buildings  iii  Baltimore.  This  statement  can 
not  be  made  with  absolute  positiveness,  however,  in  the  absence  of  a 
detailed  estimate  of  the  cost  of  repairing  each  building,  which  I  had 
not  time  to  nmke.  I  am  quite  sure,  however,  that  the  damage  in  San 
Francisco  was  greater  than  it  was  in  Baltimore. 

From  what  was  left  of  the  ruins  themselves,  and  from  the  testi- 
mony of  competent  observers,  including  engineer  officers  who  were 
ordered  into  the  business  district  of  San  Francisco  immediately  after 
the  earthquake  and  before  the  fire  had  destroyed  the  evidences  of 
earthquake  damage,  I  think  it  is  quite  certain  that  the  earthquake 
damage  was  extensive  and  severe.  There  were  no  available  data  on 
which  to  base  an  accurate  estimate,  but  I  formed  a  general  impression 
that  the  damage  done  l)y  the  earthquake  alone  was  at  least  as  great 
as  10  per  cent  of  the  total  damage  by  fire  and  earthquake  combined. 
The  damage  from  the  earthcpiake,  however,  was  localized  in  a  re- 
markable degree.  In  j)laces  a  group  of  buildings  were  almost  totally 
destroyed,  and  buildings  almost  in  contact  with  them  on  all  sides 
escaped  practically  without  damage,  although  I  feel  quite  sure  that 
many  of  the  wrecked  buildings  were  superior  in  every  way  to  their 
neighbors  which  escaped.  Owing  to  the  remarkable  variation  in  the 
intensity  of  the  shock  from  point  to  point,  thus  demonstrated,  the 
measure  of  damage  done  to  an  individual  building  is  by  no  means  a 
measure  of  the  excellency  or  inferiority  of  its  construction.  Some 
specific!  evidence  on  this  point  is  presented  elsewhere  in  this  paper. 

FIRE-FIGHTING    OPERATIONS— THE    USE    OF    DYNAMITE. 

The  fire,  of  course,  completed  the  w^ork  begim  by  the  earthquake. 
(See  Pis.  LIV-LVII.)     The  interruption  of  the  water  supply,  due 
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to  the  breaking  of  the  conduits  and  mains,  left  the  fire  practically  in 
control  of  the  situation.  Some  attempts  were  made  to  stop  its 
progress  with  dynamite,  but  from  what  evidence  I  was  able  to  obtain 
I  doubt  very  much  whether  a  great  deal  was  accomplished  by  this 
means.  It  is  probable  that  at  one  or  two  points  where  the  fire  had 
l)ecome  much  less  fierce  its  progress  was  entirely  stopped  by  the  use 
of  dynamite,  but  even  this  much  is  not  certain.  I  am  personally  of 
the  opinion  that  dynamite  might  be  used  so  as  to  check  the  progress 
of  a  conflagration,  but  it  has  never  been  properly  applied  to  that 
purpose  as  yet.  It  se^ms  probable  that  if  a  strip  of  property,  a  whole 
city  block  in  depth,  extending  across  the  entire  front  ,of  the  fire,  were 
selected  sufficiently  far  in  advance  to  enable  it  to  be  completely  razed 
by  dynamite  before  the  fire  reached  it  it  would  prove  an  effectual 
barrier,  especially  if  there  were  water  available  to  keep  the  ruins 
thoroughly  wet.  In  the  absence  of  the  water  the  only  way  to  make 
sure  of  the  result  would  be  to  have  an  enormous  number  of  men 
ready,  as  soon  as  the  buildings  were  demolished,  to  move  the  debris 
to  the  side  nearast  to  the  approaching  fire.  It  is  probable  that  the 
ruins  would  be  set  on  fire  by  the  dynamite  itself,  but  with  a  suffi- 
cient number  of  men,  properly  handled,  the  amount  of  combustible 
matter  along  the  side  next  to  unburned  property  might  be  so  mate- 
rially reduced  that  the  fire  would  not  be  able  to  cross  the  gap.  I 
rather  think  that  unless  such  heroic  measures  are  applied  the  use  of 
dvnamite  is  just  as  likely  to  do  harm  as  good  in  resisting  the  advance 
of  a  conflagration.  It  will  readily  occur  to  anyone  at  all  familiar 
with  such  things  that  to  get  together  the  requisite  number  of  men 
and  properly  direct  their  work  would  require  full  military  control 
of  the  situation;  otherwise  the  measures  described,  while  not  im- 
possible, would  hardly  be  practicable. 

One  or  two  attempts  were  made,  apparently  with  not  a  great  deal 
of  judgment,  to  dynamite  steel-frame  buildings  that  were  on  fire.  I 
understand  that  the  explosive  w^as  simply  placed  in  the  basement 
loose,  practically  without  any  tamping,  and  detonated.  The  only 
result  was  to  knock  a  few  basement  columns  off  their  foundations  and 
bring  down  a  portion  of  the  floor  construction  above.  I  doubt 
whether  any  good  results  could  l>e  obtained  by  trying  to  dynamite  a 
steel-frame  building  as  a  means  of  stopping  the  advance  of  a  fire. 
If,  in  a  strip  of  property  such  as  that  described  above,  any  steel-frame 
buildings  exist,  especially  if  the  frames  are  protected  with  any  sort 
of  fireproofing,  it  is  probable  that  more  good  would  result  from 
allowing  them  to  stand,  while  dynamiting  their  combustible 
neighbors. 

It  would  1)0  practically  impossible  in  the  time  available  to  demolish 
a  steel  frame  so  completely  that  all  of  the  combustible  debris  could 
be  properly  handled.     It  would  burn  more  freely  and  more  disas- 
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trously  after  dynamiting  than  if  the  building  were  left  intact.  A 
good  plan  in  such  a  case  would  be  to  remove  all  the  combustible 
contents  of  the  building  before  the  fire  reached  it,  throwing  them  out, 
if  no  other  course  were  open,  on  the  side  next  to  the  advancing  con- 
flagration. Under  such  circumstances  the  average  fireproof  building, 
while  it  might  be  ruined  itself,  would  probably  act  as  a  barrier  to  the 
spread  of  the  flames  beyond  it,  although,  of  course,  it  could  not  pre- 
vent the  fire  from  working  around  the  sides  if  neighboring  com- 
bustible buildings  were  not  removed. 

A  certain  amount  of  damage  in  addition  to  that  caused  by  the  fire 
and  earthquake  was  done  in  San  Francisco  by  the  dynamite  used  to 
blow  down  dangerous  walls.  More  specific  data  on  this  point  are 
presented  in  the  detailed  descriptions. 

TEMPERATURE   OF   THE    BALTIMORE    AND    SAN    FRANCISCO    FIRES. 

The  apparently  more  complete  destruction  by  fire  at  San  Francisco 
than  at  Baltimore  immediately  raises  questions  as  to  the  probable 
temperature  of  the  San  Francisco  fire.  I  noted  everything  coming 
under  my  observation  which  would  seem  to  give  an  idea  as  to  the 
probable  temperature  prevailing,  and  I  am  personally  of  the  opinion 
that  the  San  Francisco  fire  was  appreciably  hotter  than  that  at  Balti- 
more. Thus,  in  places  which  had  been  occupied  by  hardware  stores  I 
saw  kegfuls  of  nails  with  the  wood  all  burned  away,  but  with  the  nails 
still  standing  up  in  a  compact  mass,  retaining  the  shape  of  the  keg, 
owing  to  the  fact  that  they  had  been  partially  welded  together.  In 
other  places  kegfuls  of  nails  which  had  evidently  fallen  at  least  one 
story,  and  possibly  several  stories,  into  the  basement  of  an  adjoining 
building,  had  nevertheless  retained  the  form  and  size  of  the  keg, 
although  some  of  the  nails  were  loosened.  I  also  saw  a  number  of 
cast-iron  radiators  that  were  partially  melted  and  some  cast-iron 
soil-pipe  fittings  that  had  been  melted  to  such,  an  extent  that  it  was 
not  possible  to  tell  what  sort  of  fittings  they  had  been.  In  some 
cast-iron  columns  which  had  been  softened  and  broken  in  the  fire  the 
raw  edges  of  the  break  were  appreciably  rounded  and  blunted,  due 
to  the  incipient  fusion  of  the  metal.  In  the  basement  of  an  iron 
warehouse  I  saw  a  number  of  racks  of  steel  bars  which  had  apparently 
been  precipitated  from  the  first  floor  and  which  were  to  a  consider- 
able extent  welded  together.  The  weld  was  not  perfect,  of  course,  but 
at  some  of  the  points  where  the  welds  occurred  it  would  have  been 
impossible  to  separate  the  bars  without  considerable  damage. 

(jlass  of  all  kinds  melted  and  ran  freely.  I^ead  sjish  weights  melted 
nnd  ran  out  of  the  window  boxes  before  the  timl)er  of  the  boxes  was 
entirely  consumed.  Several  witnesses,  among  them  an  engineer  offi- 
cer, told  me  that  they  had  obsiTved  this  phenomenon  in  a  number  of 
places.    The  sheet-metal  cases  of  typewriters  and  similar  articles  of 
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sheet  metal,  though  they  showed  no  evidence  of  melting,  had  been 
almost  completely  burned  up,  so  that  they  were  full  of  holes,  and  the 
metal  itself  presented  the  same  appearance  as  iron  that  had  been 
burned  in  a  blacksmith's  forge.  In  the  warehouse  of  the  Waterhouse 
&  Lester  Company,  on  Howard  street,  some  racks  of  steel  bars  were 
precipitated  into  the  basement  when  the  building  collapsed.  These 
bars  were  partially  welded  together  by  heat.  (See  also  PL  LI,  B.) 
In  the  ruins  of  glassw^are  and  china  stores  the  glass,  as  a  rule,  was 
completely  melted,  and  many  articles  of  porcelain  ware  had  become 
softened  and  distorted  in  all  manner  of  shapes,  indicating  a  high 
temperature,  as  porcelain  is  made  of  very  refractory  material. 

All  things  considered,  I  am  inclined  to  think  that  temperatures 
considerably  in  excess  of  2,000*^  F.  were  not  at  all  uncommon  in  the 
San  Francisco  fire,  although  there  were  manifestly,  in  the  burned 
area,  places  where  no  such  temperature  was  reached.  Very  few  office 
buildings  were  subjected  to  such  intense  heat,  except  here  and  there 
in  individual  rooms,  where  there  was  evidence  of  the  storage  of  rec- 
ords or  other  combustible  matter  in  large  quantities;  but  the  depart- 
ment stores,  dry  goods  stores,  and  other  buildings  of  mercantile 
occupancy  evidently  suffered  from  temperatures  at  least  as  high  as 
•2.000°  F.  In  mercantile  buildings  these  high  temperatures  seemed  to 
be  the  rule  and  not  the  exception. 

EARTHQUAKE-   AND    FIRE-RESISTING    QUALITIES    OF 
STRUCTURES   AND   STRUCTURAL.  MATERIALS. 

EFFECT  OF  FIRE  ON  GOVERNMENT  AND  ••CLASS  A"  COMMERCIAL 

BUILDINGS. 

So  far  as  resistance  to  the  fire  is  concerned,  the  only  buildings  that 
presented  anything  of  interest  were  naturally  the  monumental  public 
buildings  and  the  commercial  fireproof  buildings  of  the  better  class; 
that  is,  practically  of  class  A.  The  fire  did  not  succeed  in  entering 
the  mint  nor  the  appraisers'  stores.  It  got  into  the  upper  story  of 
the  new  post-office  building  at  one  corner,  and  cleaned  out  a  court 
room  and  its  adjoining  offices;  but  it  was  held  at  this  point,  and  the 
post-office  building  itself  was  not  involved  in  a  fierce  conflagration 
such  as  that  which  ruined  many  of  the  commercial  buildings.  The 
fire  got  into  the  new  city  hall,  and  succeeded  in  w^recking  the  portion 
which  was  not  ruined  by  the  earthquake. 

VAULTS  AND   SAFES. 

In  many  of  the  office  buildings  in  San  Francisco  suites  of  oflSces 
were  equipped  with  vaults,  some  of  which  were  fairly  capacious  and 
provided  with  doors  of  more  or  less  erticicMit  appearance,  a  number  of 
them  having  the  ordinary  vestibule,  with  both  inner  and  outer  doors. 
Where  the  interior  partitions  of  the  building  consisted  of  metal 
7171— Bull.  324—07 6 
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furring,  lathing,  ajid  plaster,  the  walls  of  the  vaults  were  likewise  of 
thase  materials.  Where  the  interior  partitions  consisted  of  hollow 
tile,  the  walls  of  the  vaults  were  of  hollow  tile  also.  Although  I 
examined  a  great  many,  I  did  not  see  a  single  vault  partitioned  off 
either  with  metal  lathing  and  plaster  or  with  hollow  tiles  that  pre- 
served its  contents.  I  was  informed  by  some  gentlemen,  who  were 
apparently  connected  with  the  Spring  Valley  Water  Company,  that 
on  the  top  floor  of  their  building  a  vault  walled  off  with  hollow  tiles 
had  protected  its  contents,  but  that  the  corner  of  the  building  in 
which  it  was  situated  had  not  been  completely  gutted,  so  that  the 
vault  did  not  receive  a  severe  test. 

In  the  Baltimore  fire  there  were  a  number  of  vaults  walled  off  with 
hollow  tiles,  and  all  that  I  happened  to  see  during  my  inspection  of 
the  ruins  in  Baltimore  had  failed.  The  same  thing  was  in  evidence 
everywhere  in  San  Francisco,  and  it  is  my  opinion  that  this  result 
could  have  been  predicted  with  absolute  certainty  at  the  time  these 
vaults  were  built,  from  data  then  available.  To  all  external  appear- 
ances, no  doubt,  the  vaults  looked  like  secure  places  in  which  to 
keep  valuables;  as  a  matter  of  fact,  they  were  the  flimsiest  kind  of 
shells,  not  capable  of  resisting  any  sort  of  determined  attack  from 
either  fire  or  burglars.  The  tenant  would  have  l>een  better  off  with- 
out the  vault,  for  in  that  case  he  would  probably  have  carried  his 
papers  to  some  other  point  where  they  would  have  had  a  better 
chance  to  escape  the  fire. 

The  only  vaults  I  saw  that  came  through  a  really  fierce  fire  without 
damage  were  those  built  of  brickwork  (PI.  LII,  .1).  Even  these 
vaults  did  not  always  protect  their  contents,  however.  I  saw  a  num- 
ber of  them  opened  in  which  the  contents  had  been  totally  destroyed. 
As  they  seemed  to  be  fairly  good  vaults,  this  result  was  a  matter  of 
more  than  ordinary  interest.  I  therefore  carefully  examined  a  num- 
ber of  them  and  discovered  that  the  fire  had  gained  access  through 
cracks  due  to  settling,  or  to  the  earthquake,  or  else  through  unfilled 
joints,  due  to  poor  workmanship  in  the  original  construction  of  the 
vault.  It  appeared  that  probably  the  contents  of  the  building  w^ere 
burning  fiercely  around  the  vault  before  the  floor  above  had  burned 
out  or  collapsed,  so  as  to  give  full  vent  to  the  gases  of  combustion. 
Some  pressure  must  have  been  generated  by  the  great  heat  thus 
confined,  and  under  this  pressure  tlu^  incandescent  gases  resulting 
from  the  fire  found  their  way  through  the  smallest  and  most  tor- 
tuous passages  in  the  brickwork.  In  several  cases  it  was  apparent 
that  the  contents  had  probably  been  ignited  by  a  small  tongue  of 
flame  (probably  not  thicker  than  a  lead  pencil)  penetrating  into  the 
vault  as  a  result  of  such  conditions. 

A  few  vaults  failed  owing  to  the  fact  that  the  outer  door  w-arped 
and  pulled  away  from  the  frame.     Whether  this  warping  could  have 
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been  prevented  with  an  adequate  number  of  bolts  I  do  not  know,  but 
in  an  important  vault  it  would  seem  worth  while  to  have  the  outer 
door  at  least  filled  in  the  same  manner  as  the  door  of  a  fireproof  safe. 
If  it  were  built  in  this  way  it  would  probably  not  warp — at  least 
not  enough  to  let  the  fire  in. 

To  judge  from  the  safes  which  I  saw  opened,  very  nearly  three- 
fourths  of  the  safes  in  the  San  Francisco  fire  failed  to  protect  their 
contents  (PI.  LII,  Z?),  and  as  a  result  the  loss  of  valuable  papers 
and  records  must  have  been  very  extensive. 

BEHAVIOR  OF  STRUCTURAL  MEMBERS  AND  MATERIALS. 

The  commercial  fireproof  buildings  in  San  Francisco,  in  my  judg- 
ment, suffered  considerably  more  damage  than  corresponding  build- 
ings in  the  Baltimore  conflagration.  In  the  San  Francisco  fire,  for 
the  first  time,  the  collapse  of  protected  steel  frames,  due  to  the 
destruction  of  the  fireproof  covering  at  a  comparatively  early  stage 
in  the  fire,  was  a  matter  of  common  occurrence.  Practically  all  of 
the  floor  construction  in  fireproof  buildings  in  San  Francisco  consisted 
either  of  hollow  terra-cotta  flat  arches  or  of  reen forced-concrete  slabs, 
carried  on  steel  floor  beams.  In  a  few  buildings  steel  columns  and 
girders  were  used,  with  reenforced -concrete  beams  and  slabs  covering 
the  space  between  the  girders.  Steel  girders  were  more  generally 
protected  with  metal  lathing  and  plaster,  or  with  solid  concrete  fill- 
ing, than  with  anything  else,  but  terra-cotta  covering  was  also  used 
to  a  considerable  extent.  The  lower  flanges  of  beams  were  in  some 
buildings  unprotected;  in  others  they  were  covered  with  metal  lath- 
ing and  plaster;  and  in  still  others  (a  rather  general  practice),  there 
was  a  ceiling  composed  of  light  furring  angles  and  metal  lathing, 
fastened  below  the  floor  construction  and  plastered.  Most  of  the  steel 
beams  and  girders  in  the  floor  construction  had  no  other  protection 
for  their  lower  flanges  than  this  furred  ceiling,  even  where  the  webs 
were  protected  by  a  solid  concrete  filling. 

Columns  were  generally  protected  in  one  of  three  different  ways, 
as  follows: 

1.  With  hollow  tiles  adapted  to  either  a  circular  or  square  section, 
the  webs  being  about  five-eighths  of  an  inch  thick,  and  the  total 
thickness  of  the  tile,  including  webs  and  hollow  space  within,  l>eing 
about  2i  or  3  inches.  The  tiles  were  from  12  to  18  inches  in  length 
and  about  12  or  15  inches  wide. 

2.  With  metal  lathing  and  plaster  surrounding  the  column,  so  as 
to  leave  an  air  space  of  about  1  or  1|  inches. 

3.  With  a  solid  covering  of  concrete  from  2  to  4  inches  thick. 

In  addition  to  this  protection  the  columns  in  the  walls  were  gener- 
ally covered  with  4  inches  of  brickwork,  and  in  one  building  there  was 
a  double  covering  of  metal  lathing  around  isolated  columns,  the 
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inner  covering  having  one  coat  of  plaster  applied  and  the  outer 
covering  having  the  full  two  or  three  coats  required  for  the  finishing, 
as  the  case  might  be. 

In  a  general  way,  practically  none  of  the  column  protection  in 
San  Francisco,  except  the  4-inch  brick  covering,  was  adequate.  The 
coverings  of  terra  cotta  and  of  metal  lathing  and  plaster  failed  abso- 
lutely. Although  there  were  a  great  many  individual  columns  pro- 
tected with  other  coverings  which  suffered  only  small  damage,  the  num- 
ber in  which  the  protection  completely  failed  was  so  great  that  the 
statement  is  entirely  justified  that  practically  all  the  coverings  were 
wholly  inadequate  to  resist  any  real  fire  test.  The  wall  columns 
covered  with  4  inches  of  brickwork  were,  except  in  one  building, 
fairly  well  protected,  so  far  as  I  was  able  to  determine.  None  of  the 
columns  covered  with  cinder  concrete  suffered  any  serious  damage, 
but  there  were  not  many  columns  protected  in  this  way.  Of  the  three 
buildings  in  which  I  particularly  noticed  such  covering,  two  had 
evidently  not  experienced  any  great  heat.  In  the  third  a  column 
covered  with  4  inches  of  cinder  concrete  had  undoubtedly  l)een  sub- 
jected to  a  heat  that  was  very  intense.  The  concrete  covering  was 
seriously  damaged;  the  column,  however,  had  not  suffered.  This 
case  is  described  on  page  79. 

Interior  partitions  in  San  Francisco  were  built  almost  entirely  of 
hollow  tiles  similar  to  those  used  for  making  square  coverings  on 
columns,  or  else  of  light  metal  studs  covered  with  metal  lathing  and 
plaster.  A  few  were  built  of  brickwork.  In  a  general  way  it  may  be 
said  that  practically  all  the  interior  partitions  that  were  not  built  of 
brickwork  were  a  total  loss,  being  absolutely  inadequate.  In  my 
judgment,  the  burning  of  the  contents  of  a  single  well-filled  office 
room  would  have  developed  in  the  majority  of  buildings  enough  heat 
to  get  through  the  surrounding  partitions. 

The  furred  ceilings  already  described  were  also  very  largely  a  loss. 
In  buildings  that  had  been  occupied  for  ordinary  office  purposes, 
probably  not  more  than  20  per  cent  of  the  furred  ceilings  absolutely 
came  down ;  the  remaining  80  per  cent  stayed  in  place,  with  complete 
loss  of  the  plaster,  the  metal  furring  and  lathing,  however,  being  in 
shape  to  use  again  with  only  minor  repairs.  But  wherever  the 
amount  of  combustible  matter  was  evidently  greater  than  that  ordi- 
narily found  in  offices,  the  entire  furred  ceiling — metal  lathing,  fur- 
ring strips,  and  all — came  down  bodily  and  was  a  total  loss. 

So  far  as  I  was  able  to  determine,  the  earthquake  did  not  cause  the 
collapse  of  any  of  the  floor  construction  or  partitions  in  any  of  the 
firej)ro<)f  buildings,  but  it  must  have  shaken  a  good  many  of  the 
partitions  badly,  so  that  their  destruction  by  fire  was  rendered  some- 
what more  easy.  The  earthquake  damage,  however,  only  hastened 
the  result.    Partitions  of  the  kind  that  were  used  in  San  Francisco 
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are  not  fireproof,  and  a  very  hot  fire  will  invariably  destroy  them, 
notwithstanding  the  fact  that  they  are  made  of  non combustible 
material.  I  had  rather  expected  to  find  that  some  damage  had  been 
done  by  the  earthquake  to  floors  made  of  hollow  tiles  or  brick  arches. 
That  no  such  damage  occurred  was  a  matter  of  some  surprise,  and 
indicates  that  the  vertical  component  of  the  undulation  was  not  very 
great.  It  is  probable  that  the  earthquake  caused  some  cracks  to 
appear  in  the  floors,  but  I  did  not  see  any  which  could  with  certainty 
be  ascribed  to  this  cause.  It  was  also  a  matter  of  some  surprise  that 
some  of  the  partitions  were  not  shaken  down  by  the  earthquake,  con- 
sidering the  ease  with  which  the  fire  destroyed  them. 

So  far  as  fire  damage  was  concerned,  the  floor  systems  in  San  Fran- 
cisco stood  better  than  any  other  portion  of  the  fireproof  buildings, 
although  they  did  not  stand  very  well,  at  that.  The  lower  webs 
came  off  from  the  hollow-tile  floor  arches  in  the  same  way  that  they 
did  at  Baltimore,  but  to  a  very  much  greater  extent.  The  cinder- 
concrete  floor  slabs  in  many  buildings  were  protected  for  a  time  by 
the  furred  ceilings  previously  described.  Where  the  ceilings  failed 
at  an  early  stage,  or  where  there  had  been  no  such  ceilings,  the  dam- 
age to  the  concrete  floor  slabs  was  very  apparent.  The  concrete  was 
dehydrated  to  a  certain  extent  on  its  lower  surface,  and  in  many  of 
the  slabs  the  reenforcement  had  become  so  h6t  that  there  was  a  per- 
manent deflection  of  greater  or  less  extent,  accompanied  by  cracks  on 
the  lower  side  in  the  middle  of  the  span. 

Just  how  much  damage  was  done  by  the  fire  to  cinder-concrete  slabs 
was  a  little  difficult  to  determine,  for  the  reason  that  most  of  the  cin- 
der concrete  used  in  San  Francisco  was  evidently  a  very  inferior 
article  in  the  first  place.  There  was  no  doubt  in  my  mind,  however, 
that  the  concrete  near  surfaces  which  had  been  exposed  to  the  fire 
showed  deterioration,  as  compared  with  that  which  had  not  been  ex- 
posed to  the  fire,  although  it  was  all  so  poor  that  there  was  not  much 
room  for  difference  in  quality.  I  saw  reen forced -c<#lcrete  floor  slabs, 
some  of  cinders  and  some  of  stone,  which  were  on  the  point  of  col- 
lapse from  heat  alone,  although  they  had  not  quite  let  go. 

I  also  saw  a  number  of  terra-cotta  floor  arches  which  had  totally 
collapsed.  Some  of  these  showed  evidence  of  damage  by  masses  fall- 
ing from  above,  but  in  others  the  collapse  seemed  to  have  been  due  to 
heat  alone. 

Girder  and  beam  protection  was  a  little  more  efficient  than  the 
column  coverings,  but  it  was  not  adequate.  Its  weakness  was  not 
fully  developed,  because,  in  many  places  where  the  necessary  heat 
existed,  the  columns  failed  first  and  let  down  the  floors,  so  that  it 
was  not  possible  to  say  how  much  of  the  damage  to  the  floor  members 
was  due  to  heat  alone.  In  a  general  way,  however,  it  may  be  said 
that  girder  coverings  of  metal  lath  and  plaster  were  wholly  inade- 
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quate,  those  of  hollow  tiles  suffered  serious  damage,  and  those  of 
solid  concrete  failed  a  little  more  commonly  than  they  should, 
although  they  were  the  Ix^st  of  all.  Many  girders  that  had  been 
covered  with  metal  lath  and  plaster  were  badly  warped  and  deflected, 
and  some  wholly  collapsed,  from  the  heat  alone.  Many  beams  were 
seriously  deflected  from  the  heating  of  exposed  lower  flanges. 

I  was  not  able  to  learn  that  any  serious  damage  had  been  done 
to  column  coverings  by  the  earthquake.  In  some  buildings  columns 
which  had  not  been  exposed  to  much  heat  happened  to  be  standing 
with  their  covering  absolutely  intact,  while  another  column  not  far 
away  in  the  same  story  of  the  building  and  evidently  subjected  to 
an  intense  heat  had  not  only  lost  its  covering,  but  had  itself  been 
practically  destroyed  by  the  fire.  In  no  such  case  was  I  able  to  dis- 
cover any  evidence  of  earthquake  damage  in  the  covering  that  was 
intact,  and  there  was  nothing  to  indicate  that  one  column  might 
have  had  its  covering  damaged  by  the  earthquake,  while  its  neighbor 
escaped.  More  detailed  information  relative  to  fire  damage  is  pre- 
sented in  the  discussion  of  the  individual  buildings  (pp.  76-108). 

The  earthquake  did  a  great  deal  of  damage,  which  could  easily  be 
differentiated  from  that  due  to  the  fire.  As  a  rule  brickwork  in  San 
Francisco  was  laid  in  lime  mortar  or  in  lime  mortar  gaged  with  a 
small  amount  of  Portland  cement.  Wlierever  such  masonry  was  sub- 
jected to  serious  earthquake  shocks  it  was  very  badly  shattered. 
Much  of  it  came  down  in  the  ruins,  and  much  of  that  which  remained 
in  place  was  reduced  to  a  loose  pile,  without  any  adhesion  between 
the  mortar  and  the  bricks.  The  bricks  in  general  were  more  or  less 
misplaced  even  where  they  did  not  come  down,  and  many  of  them 
were  broken.  Where  brickwork  was  solidly  laid  up  in  good  Portland- 
cement  mortar,  if  the  earthquake  shock  induced  stresses  sufficient  to 
damage  it,  the  damage  generally  appeared  in  the  form  of  well-defined 
cracks,  which  could  have  been  easily  pointed  up,  so  as  to  leave  the 
w^all  almost  as  good  as  it  was  before. 

Well-executed  stone  masonry  subjected  to  earthquake  shocks 
showed,  in  many  places,  considerable  slipping  of  the  individual 
stones,  the  adhesion  between  the  stones  and  the  mortar  having  been 
destroyed.  Here  and  there,  where  the  strength  of  the  mortar  ap- 
proached that  of  the  stone,  the  stone  itself  was  badly  shattered  and 
cracked.  Where  the  wall  ran  in  the  direction  in  which  the  undulation 
s(»ems  to  have  been  propagated,  it  generally  showed  an  X-shaped 
crack  (PI.  XXII,  ^1),  the  legs  of  the  X  crossing  the  affected  area  in 
a  diagonal  direction.  Where  the  masonry  was  ver}^  good  these  cracks 
were  the  only  apparent  danuige,  but  where  it  w^as  not  so  good  the  indi- 
vidual stones,  bricks,  or  tiles,  as  the  case  might  be,  had  been  loosened 
from  their  beds  and  broken,  so  that  the  entire  mass  was  shattered, 
although  in  many  places  still  standing. 
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In  steel-frame  buildings  put  up  in  the  ordinary  way,  without  any 
special  bracing,  most  of  the  earthquake  effect  was  localized  in  piers 
between  windows,  as  if  a  horizontal  force  had  been  applied  to  the 
floor  above,  tending  to  slide  it  with  reference  to  the  floor  below.  As 
this  effect  occurred  in  both  directions,  the  piers  referred  to  were  gen- 
erally marked  with  X-shaped  cracks,  and  in  addition  the  masonry 
w^as  apt  to  be  very  much  shattered.  There  seemed  to  be  no  general 
rule  as  to  the  place  where  this  shattering  effect  occurred.  In  some 
buildings  the  piers  in  the  one  or  two  stories  near  the  middle  of  the 
height  of  the  building  seemed  to  have  suffered  the  most;  in  others,  the 
piers  nearer  to  the  roof.  One  tall  building,  which  extended  far  above 
its  neighbors,  was  seriously  damaged  in  practically  every  story  above 
the  neighboring  buildings. 

It  was  apparent  that  in  some  buildings  the  shock  was  so  severe  that 
probably  no  structure,  however  well  built,  could  have  withstood  it 
absolutely  without  damage.  It  was  equally  apparent,  however,  that 
such  great  exhibitions  of  energy  were  confined  to  snuill  areas,  and 
that  it  would  be  possible  to  put  up  buildings  in  San  Francisco  which 
would  come  through  a  similar  earthquake  with  very  little  damage 
except  to  individual  buildings  here  and  there. 

Hollow-tile  work  seemed  to  be  badly  shattered  by  the  earthquake 
in  a  great  many  places.  Well-executed  stone  masonry,  as  a  rule, 
stood  better  than  brickwork.  Brickwork  built  with  good  hard  bricks, 
laid  in  Portland -cement  mortar,  stood  better  than  that  built  with 
inferior  bricks  or  inferior  mortar. 

Of  all  the  structures  which  were  manifestly  exposed  to  severe  shock 
the  concrete  buildings  at  Palo  Alto  stood  best.  It  would  seem 
to  be  a  general  rule  that  increased  tensile  strength,  even  in  a  brittle 
material,  greatly  increased  the  resistance  to  earthquake  shock.  The 
height  above  the  ground  at  which  the  damage  was  greatest  appeared 
to  be  largely  a  function  of  the  distribution  of  mass  in  the  structure 
itself,  combined  with  the  distribution  of  the  bracing.  If  the  base  of  a 
tall  steel-frame  building  were  subjected  to  a  vibration  tending  to  tilt 
it,  manifestly  some  time  would  be  required  to  set  the  upper  part  of  the 
building  in  motion.  As  the  vibration  evidently  occurred  in  both 
directions,  there  would  be  a  reversal  of  motion  before  the  upper  part 
of  the  building  had  responded  to  tlie  first  impulse.  Under  these  cir- 
cumstances there  would  be  established  somewhere  a  center  of  oscillar 
tion,  where  very  severe  stresses,  due  to  the  acceleration  of  the  superin- 
cumbent mass,  would  be  largely  concentrated. 

It  might  have  been  supposed  that  most  of  the  destructive  effort  of 
such  action  would  be  manifested  at  the  joints  in  a  steel-frame  build- 
ing; but  around  the  joints  are  concentrated  the  ends  of  the  floor 
beams  and  girders,  together  with  the  floor  construction,  and  at  the 
level  of  these  joints  is  the  only  portion  of  the  walls  which  is  per- 


Digitized  by  VjOOQIC 


76  THE    SAN    FRANCISCO   EARTHQUAKE   AND   FIRE. 

fectly  solid.  The  shafts  of  the  columns  at  about  midstory  height  are 
therefore  less  efficiently  braced  than  the  portions  on  a  level  with  the 
floors.  Moreover,  it  is  probable  that  the  play  in  the  connections  of  the 
steel  work  at  the  floor  level  would  permit  a  little  motion  here  with- 
out any  damage,  provided,  in  the  meantime,  the  bracing  at  mid- 
story,  due  to  the  masonry,  is  sufficient  to  preserve  the  structure  from 
collapse;  thus  the  connections  would  escape  without  material  damage. 
As  a  matter  of  fact,  some  such  action  seems  to  have  taken  place. 
There  was  very  little  damage  at  the  points  where  the  steel  work  was 
fastened  together;  at  least,  very  little  that  was  apparent. 

The  failure  of  the  masonry  in  the  piers  seems  to  have  prevented 
the  columns  from  being  broken  across  in  the  middle  or  {permanently 
deflected.  It  is  an  interesting  speculation  how  near  some  of  the 
unbraced  steel-frame  buildings  were  to  total  collapse  under  the 
stresses  above  described.  In  my  judgment  many  of  them  were  a 
little  too  near  for  safety.  I  saw  a  number  of  field  bolts  or  rivets 
that  I  thought  had  probably  been  sheared  by  the  earthquake,  but  as 
to  most  of  them  I  was  not  sure  that  they  had  ever  been  in  place.  In 
one  or  two  instances,  however,  the  earthquake  effect  was  indisputable. 

As  it  is  very  difficult  to  discuss  the  earthquake  effect  in  a  general 
way,  however,  it  will^be  taken  up  further  in  connection  with  the  sub- 
joined detailed  description  of  the  effect  of  the  earthquake  and  fire 
on  individual  buildings  in  San  Francisco. 

BEHAVIOR  OF  INDIVIDUAL   STRUCTURES. 
ACADEMY     OF    8CIP:NCKS     BUILDINCJ. 

The  Academy  of  Sciences  building,  on  Market  street,  was  interest- 
ing because  of  its  interior  ccmstruction.  This  building  had  cast- 
iron  concrete-filled  columns  and  Ransome  reenforced-concrete  floor 
construction.  So  far  as  it  was  possible  to  ascertain,  no  damage  was 
done  to  the  reen forced  concrete  or  to  the  columns  by  the  earthquake. 
The  building  was  gutted  and  the  floors  considerably  damaged  by  the 
fire,  but  the  columns  were  not  damaged,  and  on  the  whole  the  build- 
ing stood  very  well.  A  very  good  view  of  this  building  was  given 
in  the  Engineering  News  of  June  7, 190G,  page  G23.  (See  Pis.  XXIV, 
.1;  XXV,  B,) 

.>:TNA    (vox  N(J,  or  commissary)    mTILDINO. 

The  steel-frame  structure  at  the  corner  of  Spear  and  Market 
streets,  locally  known  as  the  "  commissary  building,''  because  it  was 
said  to  have  been  erected  originally  with  a  view  to  furnishing  offices 
for  the  Commissary  Department  of  the  Army,  rests  upon  piles, 
and   suffered    relatively    small    damage    from    the   earthquake.     PI. 
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XXV,  A^  shows  the  corner  of  the  building  and  the  subsidence  of 
the  street  at  this  point.  The  inlet  at  the  corner  indicates  the  original 
level  of  the  street.  There  was  a  vault  under  the  Market  street  side- 
walk, immediately  behind  the  wall  at  the  curb  line.  The  basement 
floor  in  this  vault  was  of  concrete  and  had  a  total  thickness  of  7  or  8 
inches.  The  earthquake  caused  the  earth  to  bulge  up  in  the  portion 
of  the  basement  under  the  sidewalk,  rupturing  the  concrete  floor 
and  turning  it  up  on  its  edge,  so  that  where  there  had  previously 
been  a  clear  headroom  of  7^  feet  the  highest  point  of  the  bulge  was 
within  3^  feet  of  the  beams  carrying  the  sidewalk.  The  columns 
were  of  steel,  protected  with  expanded  metal  and  plaster.  The 
girders  were  of  steel  and  the  space  between  them  was  spanned  by 
reenforced-concrete  construction.  The  reenforced -concrete  beams 
w^ere  formed  on  the  lower  edge  by  a  curved  piece  of  flat  steel  (PI. 
XXIX,  B),  The  concrete  floor  construction  was  damaged  by  the 
heat  to  such  an  extent  that  a  heavy  load  of  sheet  iron  on  the  third 
floor  broke  through,  though  it  did  not  fall  through  bodily.  The 
expanded  metal  that  was  used  for  reenforcing  the  slabs  from  rib  to 
rib  evidently  got  hot  and  was  ruptured  at  this  point. 

The  cinder  concrete  used  in  the  floor  construction  of  this  building 
was  badly  damaged  by  the  heat,  although  the  heat  could  not  have 
been  very  intense,  as  otherwise  the  ribs,  with  their  exposed  metal 
reenforcement,  must  have  failed.  Moreover,  the  girders  did  not  have 
their  lower  flanges  protected,  yet  they  remained  straight.  A  great 
many  of  the  ribs,  however,  were  deflected  very  considerably,  but, 
owing  to  the  fact  that  they  were  curved  to  begin  with,  this  deflection, 
due  to  the  fire  damage,  was  not  very  apparent.  The  columns  them- 
selves were  practically  uninjured,  although  the -column  covering  was 
severely  damaged  and  wnll  probably  have  to  be  totally  renewed. 
There  were  some  terra-cotta  partitions,  terra-cotta  furring,  and  furred 
ceilings  in  this  building,  all  of  which  totally  failed.  The  brick  wall 
at  the  west  side  of  the  building  exhibited  some  earthquake  cracks, 
and  at  a  number  of  places  the  brickwork  spalled  under  the  heat. 

APPKAISEKS'    WAKEHOUSE. 

The  appraisers'  warehouse  was  a  very  heavy  structure,  built  on  the 
old-fashioned  monumental  plan.  (PI.  XXVIIT,  .1.)  It  was  entirely 
of  brickwork,  with  some  stone  trimmings,  and  the  exterior  brick- 
work was  laid  with  full  header  courses.  It  was  practically  undam- 
aged by  the  earthquake,  the  chimney  even  l)eing  left  standing,  and  the 
fire  did  not  get  into  it.  It  is  probable  that  the  shock  at  the  site  of 
this  building  was  not  so  severe  as  it  was  at  some  other  places,  or  the 
chimneys,  at  any  rate,  would  have  been  thrown  down.  The  building 
itself  shows  a  very  few  slight  cracks,  which  may  have  been  due  to 
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ordinary  settling  and  not  at  all  to  earthquake.  Mr.  Roberts,  the  local 
representative  of  the  Supervising  Architect's  Office,  informed  me  that 
during  the  construction  of  the  building  there  had  l)een  some  unequal 
settling,  so  that  one  end  was  about  IJ  inches  lower  than  the  other, 
but  that  this  settling  had  been  at  a  uniform  rate  from  one  end  to  the 
other,  so  that  it  had  caused  practically  no  damage.  On  the  interior 
there  were  many  solid  brick  partitions,  with  some  unprotected  cast- 
iron  columns.  The  floor  construction  was  of  steel  or  iron  beams 
and  segmental  brick  arches  with  a  span  of  3  to  6  feet. 

It  is  worthy  of  note  tliat  immediately  after  the  earthquake  and 
fire  three  of  the  very  few  buildings  in  the  burned  district  which  were 
absolutely  open  and  ready  for  business  in  every  particular  were  the 
post-office,  the  mint,  and  the  appraisers'  warehouse.  The  ma^^sive 
construction  used  in  these  Government  buildings  would  appear  to 
have  been  a  very  good  investment. 

ARONSON   BUILDING. 

The  ordinary  ten-story  steel-frame  structure  at  the  corner  of  Third 
and  Mission  streets  known  as  the  Aronson  Building  had  terra-cotta 
column  coverings  and  partitions  and  cinder-concrete  floors,  all  of 
which  were  of  the  types  described  in  this  paper  as  common  in  com- 
mercial buildings.  The  building  seems  to  have  been  occupied  for 
light  commercial  purposes,  and  the  fire  test  to  which  it  was  subjected 
was  therefore  somewhat  more  severe  than  that  prevailing  in  office 
buildings. 

A  column  in  the  basement  was  buckled,  and  two  of  the  columns  on 
the  first  floor  were  badly  buckled  near  the  ceiling,  as  shown  in  PI. 
XXVII,  B.  These  results,  so  far  as  the  condition  of  the  fireproofing 
is  concerned,  are  typical  not  only  of  the  other  stories  of  the  Aronson 
Building,  but  of  similar  work  in  other  buildings  throughout  the 
burned  district.  Some  of  the  work  in  the  Aronson  Building  was  not 
severely  tested  by  the  fire  and  was  still  intact.  An  examination  of  it 
shows  that  it  was  as  well  done  as  similar  work  in  any  other  commer- 
cial building  in  San  Francisco.  Where  the  fire  was  not  very  hot  this 
kind  of  fireproofing  protected  the  steel  and  suffered  not  more  than  10 
or  15  per  cent  of  damage  itself;  where  the  fire  reached  the  average 
temperature  the  fireproofing  suffered  a  loss  of  50  to  100  per  cent,  and 
where  the  fire  was  a  little  hotter  than  the  average  the  total  loss  of  the 
fireproofing  and  serious  damage  to  the  steel  work  was  not  at  all 
uncommon.  Damagfe  to  fireproofing  such  as  that  here  described 
occurred  in  the  James  Flood  Building,  the  Emporium  Building,  the 
building  of  the  Spring  Valley  AVater  Company,  tlie  Mills  Building, 
and  every  other  building  in  which  hollow  tiles  were  used. 

The  buckled  column  in  the  basement  was  about  the  worst  example 
of  this  sort  of  damage  that  I  discovered,  although  I  am  inclined  to 
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think  that  in  one  or  two  other  buildings  in  which  there  was  a  general 
collapse  of  the  steel  superstructure  worse  columns  than  this  one  could 
have  been  found  under  the  debris.  The  debris  was  not  cleared  away 
while  I  was  in  San  Francisco,  so  I  had  no  opportunity  to  see  the  con- 
dition of  many  columns  that  had  evidently  failed. 

The  basement  of  the  Aronson  Building  was  divided  into  several 
rooms  by  hollow-tile  partitions.  The  room  in  which  the  buckled 
column  was  located  had  evidently  contained  an  enormous  amount  of 
paper  in  some  form  or  other,  and  the  heat  generated  must  have  been 
very  intense.  The  fire  broke  through  the  hollow-tile  partition  which 
separated  this  room  from  the  adjacent  one,  but  there  was  very  little 
that  was  combustible  in  the  latter,  and  the  column  standing  thei;e  had 
its  fireproof  covering  entirely  intact.  Examination  showed  that  the 
work  in  this  building  was  neither  better  nor  worse  than  the  average 
of  similar  work  anywhere  else  in  the  San  Francisco  commercial  build- 
ings. A  plain  and  inevitable  inference  is  that  wherever  such  work 
was  practically  undamaged  the  fire  test  was  not  at  all  severe. 

In  the  same  part  of  the  basement  as  that  in  w^hich  the  above- 
mentioned  column  was  situated — that  is,  under  the  Third  street  wall 
of  the  building — there  were  two  columns  covered  with  cinder  concrete. 
The  concrete  covering  on  one  column  made  a  very  large  and  heavy 
pier;  on  the  other  it  was  about  4  inches  thick.  It  was  apparent 
that  the  heat  in  this  front  portion  of  the  room  was  not  quite  as 
severe  as  it  was  farther  back,  where  the  buckled  column  was.  Not 
only  was  there  very  much  less  evidence  of  fire  in  the  way  of  ashes, 
etc.,  but  the  general  indications  pointed  to  a  considerably  lower  tem- 
perature— although  the  heat  at  this  point  was  very  severe,  neverthe- 
less. The  larger  cinder-concrete  pier  was  evidently  damaged  to 
some  extent  by  the  heat.  The  cement  had  apparently  been  dehy- 
drated to  a  depth  of  one-fourth  to  three-eighths  of  an  inch  on  the 
flat  surface,  and  to  a  greater  depth  at  the  corners.  The  other  pier 
showed  more  evidence  of  intense  heat.  It  stood  opposite  the  middle 
of  the  room,  where  there  seems  to,  have  been  the  greatest  accumula- 
tion of  combustible  matter.  When  I  first  saw  this  column  the  cinder 
concrete  was  dead  and  friable  to  a  depth  of  nearly  an  inch.  How 
much  of  this  was  due  to  original  poor  quality  and  how  much  to  the 
action  of  the  fire  was  difficult  to  determine,  but  fire  damage  was 
very  evident.  This  pier  showed  on  the  surface  a  number  of  longitu- 
dinal cracks  running  from  top  to  bottom,  indicating  that  there  had 
been  a  tendency  for  the  concrete  to  fail  and  come  off  under  the  ex- 
pansion stresses.  At  a  later  insj)ection  a  j)art  of  the  concrete  covering 
of  this  column  had  been  knocked  off,  and  it  then  In^came  apparent  that 
the  cracks  above  referred  to  had  extended  entirely  in  to  the  surface  of 
the  column  itself,  and  enough  heat  had  got  in  to  partly  burn  off  the 
paint  along  the  inner  edges  of  the  cracks. 
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The  stairways  in  this  building  had  apparently  been  partitioned 
off  by  hollow-tile  partitions,  but  these  were  totally  wrecked,  and  the 
stairways  were  in  such  condition  that  it  was  only  with  great  diffi- 
culty and  by  going  on  all  fours  that  they  could  be  used  to  reach  the 
upper  story.  In  the  west  wall  of  this  building  I  saw  the  remains  of  a 
wire-glass  window,  with  metal  sash  and  frame,  which  had  been  prac- 
tically destroyed  by  the  heat — probably,  however,  as  a  result  of  a 
simultaneous  attack  by  the  fire  from  both  sides.  Wire  glass  seems 
to  have  done  some  good  service  in  other  buildings  in  San  Francisco, 
although  in  the  Merchants'  Exchange,  as  in  the  Aronson  Building, 
it  failed  completely,  so  that  a  constructing  engineer,  who  had  drawn 
his  conclusions  entirely  from  what  he  saw  in  the  Merchants'  Ex- 
change, was  disposed  to  condemn  wire  glass  outright. 

BULLOCK    &    JONES   lU  ILDING. 

The  steel-frame  Bullock  &  Jones  Building  was  faced  with  orna- 
mental terra  cotta,  with  hollow-tile  column  covering  and  reenforced- 
concrete  slabs  which  were  haunched  on  the  beams,  the  slab  reenforc*e- 
ment  apparently  not  being  continuous  over  the  tops  of  the  l>eams. 
Some  of  the  floor  slabs  collapsed,  and  the  column  coverings  failed 
entirely.  Two  columns  in  the  third  story  had  buckled  in  the  same 
way  the  columns  buckled  in  the  Aronson  Building.  This  building 
was  rather  more  flimsy  even  than  the  average  commercial  building, 
and  the  fire  nearly  brought  it  down.  PI.  XXVI,  .1,  is  an  interior 
view  showing  the  buckled  columns  in  the  second  story.  It  will  be 
observed  that  pipes  were  riin  up  inside  of  the  column  coverings. 
Where  similar  conditions  existed  in  Baltimore  it  was  maintained  by 
those  interested  in  the  particular  system  of  column  covering  used 
that  the  pipes  had  got  hot,  expanded,  and  thrown  the  covering  off. 
My  own  opinion  was  and  is  that  the  covering  must  have  failed  first, 
otherwise  the  pipe  would  not  have  become  hot.  It  may  be  that  after 
the  covering  had  partially  failed,  the  pipe  got  hot  and  completed  the 
destruction,  but  if  the  covering  had  been  efficient  to  begin  wnth, 
there  would  have  been  no  trouble  with  the  pipe. 

A  comparison  of  the  conditions  in  the  Bullock  &  Jones  Building 
with  those  shown  in  other  views — for  example,  in  the  illustrations 
of  the  Aronson  Building — is  sufficient  to  justify  the  opinions  herein 
expressed.  PL  XXVI,  .4,  shows  that  one  of  the  panels  of  the  floor 
system  had  collapsed.  My  examination  of  the  Bullock  &  Jones 
Building  indicated  that  the  reen  forced -concrete  floor  construction 
was  haunched  on  the  lower  flanges  of  the  floor  beams.  The  photo- 
graph confirms  this  observation,  as  will  be  seen  by  examining  the 
naked  floor  beam  which  appears  in  the  lower  left-hand  pc^tion  of 
the  view.     The  reenforcement  of  a  floor  slab  should  always  be  con- 
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tinuous  over  the  top  of  the  beam ;  otherwise  the  construction  is  noth- 
ing but  an  arch,  and  develops  the  thrust  to  be  expected  of  an  arch. 
Moreover,  as  a  rule,  tie-rods  are  omitted  when  reenforced-concrete 
floor  slabs  are  used,  and  it  was  naturally  to  be  expected  that  reen- 
forced-concrete floor  slabs  of  this  type  would  collapse  to  some  extent ; 
the  wonder  is  that  they  did  not  collapse  to  a  greater  extent  in  the 
Bullock  &  Jones  Building.  The  fire  damage  to  ornamental  terra 
cotta  in  this  building  was  very  conspicuous. 

CALL   BUILDING. 

Of  all  the  commercial  buildings  in  San  Francisco,  by  far  the  most 
interesting  was  that  known  as  the  Call  (or  Spreckels)  Building,  at 
the  corner  of  Third  and  Market  streets.  This  building  is  remarkable 
for  the  care  and  skill  shown  in  the  design  of  its  steel  work.  It  is  a 
steel-frame  building,  all  the  walls,  floors,  partitions,  etc.,  being  car- 
ried on  steel  work.  It  has  15  main  stories,  in  addition  to  the  stories 
in  the  dome,  or  cupola,  and  rests  upon  a  continuous  foundation  com- 
posed of  concrete  reenforced  with  steel  beams.  The  building  proper 
is  about  75  feet  square,  but  the  foundation  is  about  90  by  110  feet, 
and  was  carried  to  a  depth  of  about  25  feet  below  the  sidewalk  level. 
A  fairly  complete  and  satisfactory  description  of  this  building  was 
published  in  the  Engineering  Record  of  April  9  and  16,  1898. 

In  the  first  four  stories  above  the  street  the  bents  of  the  steel  work 
adjacent  to  the  four  corners  of  the  building  on  each  side  were  braced 
with  solid  portal  braces.  In  addition,  eight  interior  bents  were 
braced  with  diagonal  tiebars  from  top  to  bottom.  At  all  junctions 
of  girders  and  beams  with  columns  knee  braces  were  used.  The  de- 
sign of  this  steel  work  is  well  worthy  of  study  by  anyone  interested  in 
such  structures.  It  is  probably,  on  the  whole,  the  best-designed 
piece  of  such  work  in  the  United  States.  Another  remarkable  thing 
about  it  is  that  the  execution  was  apparently  as  good  as  the  design. 
In  a  number  of  places  where  the  fireproofing  had  come  off  the  connec- 
tions were  exposed,  and  the  workmanship  here  seemed  to  have  been 
practically  as  good  as  it  could  well  be  made.  I  particularly  noticed 
the  column  bearings,  and  they  seemed  to  be  absolutely  close  and  true. 
Inaccurate  column  bearings  in  building  work  are  so  often  seen  that 
one  is  almost  justified  in  saying  that  they  are  the  rule  rather  than 
the  exception;  but  in  the  Call  Building  such  connections  as  were 
exposed  to  view  had  been  put  together  with  extreme  accuracy. 

The  column  covering  in  this  building  was  of  hollow  tiles,  about  3 
inches  thick,  with  very  thin  webs.  Partitions  were  built  of  the  same 
material.  The  floor  construction  was  of  reenforced  cinder  concrete. 
Some  furred  ceilings  composed  of  wire  lathing  and  light  furring 
strips  were  also  used.     The  outer  walls  were  furred  with  2-inch 
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hollow  tiles.  ^\Tien  I  saw  the  building  the  column  coverings  and 
partitions  throughout  were  either  down  or  so  badly  shattered  that 
nearly  all  of  them  would  have  to  be  taken  down  and  rebuilt,  and 
the  furring  had  fallen  from  many  of  the  outer  walls.  The  chief 
enginet^r  of  the  building  stated  that  it  was  practically  undamaged 
immediately  after  the  earthquake,  and  that  the  fire  which  subse- 
quently gained  access  did  not  damage  it  very  much,  but  that  a  large 
part  of  the  ruin  of  the  partitions  and  column  coverings  was  due  to 
the  concussions  from  the  dynamite  used  in  demolishing  dangerous 
walls  in  the  neighborhood. 

The  hollow -tile  covering  of  the  steel  work  came  down  pretty  gen- 
erally throughout  the  building.  ^Vhether  or  not  this  failure  resulted 
from  the  fire,  close  examination  of  the  steel  work  proved  that  the 
tile  covering  was  totally  inadequate,  because  in  many  places  there 
had  been  heat  enough  to  burn  the  paint  entirely  off  the  steel  and  to 
leave  indications  of  high  temperature  on  the  metal  itself.  Photo- 
graphs taken  of  the  Call  Building  during  the  progress  of  the  fire 
indicate  that  the  fire  was  not  very  fierce,  yet,  in  my  judgment,  some 
of  the  steel  meml)ers  were  very  close  to  serious  damage  as  a  result  of 
it.  So  magnificent  a  piece  of  steel  work  deserved  better  fireproof 
covering  than  it  had;  but,  as  a  matter  of  fact,  the  steel  itself  was 
observed  to  be  fire  blackened  in  many  places.  The  furred  ceilings  in 
this  building  in  general  suffered  so  much  damage  that  they  should 
l^e  taken  dow  n  altogether.  The  marble  finish  throughout,  while  not 
absolutely  destroyed,  was  so  damaged  as  to  be  worthless.  The 
reen forced-concrete  floor  slabs  stood  fairly  well,  but  some  of  the 
concrete  looked  as  if  it  had  suffered  appreciably  from  the  heat. 

On  the  exterior  the  Call  Building  showed  absolutely  no  damage 
from  the  (»arthquake  except  in  the  story  immediately  above  the  main 
cornice,  where,  in  the  parts  adjacent  to  the  four  corners,  a  few  stones 
had  evidently  slipped  so  that  the  joints  had  opened  up  for  possibly 
half  an  inch  or  more.  The  exterior  of  the  building  was  faced  with 
the  grayish-gi-een  sandstone  which  is  used  for  so  many  buildings  in 
San  Francisco.  This  stone,  wherever  the  fire  struck  it,  not  only 
spalled  very  badly,  but  had  its  color  very  largely  burned  out,  so  that 
what  lemained  was  a  dull  and  lifeless  buff  gi*ay,  the  green  having 
totally  disappeared. 

Plxamination  of  the  Call  Building  from  the  exterior  produced  the 
impression  that  it  was  slightly  out  of  plumb  to  the  southeast,  but 
later  information  showed  that  this  estimate  of  the  direction  in  which 
the  building  leaned  was  incorrect.  Captain  Kelly  kindly  sent  a  man 
with  a  plumb  line  to  verify  the  observation.  He  plumbed  the  build- 
ing from  the  tenth  floor,  as  its  dimensions  were  reduced  somewhat 
above  this  point.  He  found  that  the  building  leans  uniformly  toward 
Market  and  Third  streets;  at  the  tenth  floor  the  building  overhangs 
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Market  street  by  8  inches  and  Third  street  by  10  inches.  This  indi- 
cates clearly  that  it  is  not  safe  to  trust  the  eye  in  the  matter  of  a 
building  out  of  plumb,  because  when  previously  examined — not  only 
once  but  several  times — the  Call  Building  presented  the  appearance 
of  leaning  away  from  Market  street  instead  of  toward  it.  In  my 
judgment  the  deviation  from  the  vertical  in  this  building  may  have 
been  due  in  whole  or  in  part  to  the  earthquake,  but  it  is  not  at 
all  impossible  that  it  may  have  been  built  out  of  plumb.  With  the 
rigid  type  of  connections  used  in  the  Call  Building,  strict  mathe- 
matical accuracy  of  construction  at  all  points  would  be  essential  to 
insure  the  exact  perpendicularity  of  the  building.  As  this  accuracy 
is  practically  unattainable,  it  is  ordinarily  necessary  to  accept  slight 
deviations  from  the  plumb  line  and  probably,  in  the  majority  of 
cases,  a  certain  amount  of  torsion  in  the  frame  itself.  So  far  as 
these  deviations  are  kept  within  reasonable  limits  they  make  no 
^«rious  difference,  and  the  building  is  just  as  good  for  all  practical 
purposes  as  if  it  were  perfectly  plumb  and  true. 

On  the  whole,  the  foundations  and  steel  frame  of  this  building 
were  admirably  designed.  The  bracing  of  the  steel  work  seems  to 
have  taken  up  the  vibration  due  to  the  earthquake,  so  as  to  preserve 
the  masonry  of  the  outer  walls.  As  long  as  there  is  no  deflection* 
sufficient  to  crack  the  masonry,  there  can  be  no  doubt  that  the  build- 
ing is  safe.  It  is  a  question  whether  other  buildings  which  were  not 
so  well  braced,  and  in  which  the  piers  between  windows  were 
badly  shattered,  were  not  dangerously  near  collapse,  and  it  may  well 
be  doubted  whether  there  is  not  serious  damage  to  the  steel  work  as 
it  is.  This  matter  could  be  determined  only  by  uncovering  the  steel 
liud  making  a  detailed  inspection. 

The  only  safe  plan  in  the  construction  of  steel-frame  buildings 
is  the  one  followed  in  the  Call  Building — that  is,  to  brace  the  steel 
work  so  that  by  itself  it  is  able  to  resist  the  stresses  due  to  the  vibra- 
tion. The  engineer  who  designed  the  foundations  and  steel  frame 
of  this  building  may  well  he  gratified  at  the  admirable  manner  in 
which  his  structure  fulfilled  its  purpose.  Had  the  building  l)een  as 
well  designed  to  resist  fire  as  to  resist  earthquake,  it  is  probable  that 
the  total  damage  would  have  been  very  much  less  than  it  was. 

CHRONICLE    BlILDINGS     (OLD    AND    NEW). 

The  old  Chronicle  Building  (PI.  XXX,  B)  seems  to  have  been 
built  in  two  parts — a  west  and  an  east  wing.  The  west  wing  had 
protected  cast-iron  columns,  rolled  beams,  and  terra-cotta  fireproof- 
ing.  The  interior  structure  had  entirely  collapsed,  apparently  from 
the  heat.  It  was  impossible,  with  the  debris  piled  around  it,  to 
determine  just  what  the  cause  of  the  failure  was,  but  it  was  probably 
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due  to  the  buckling  or  rupture  of  a  lower-story  column  by  the  fire. 
In  the  east  wing  of  the  old  building  the  terra-cotta  fireproofing  had 
suffered,  to  a  considerable  extent,  the  typical  damage  which  is  de- 
scribed in  connection  with  the  Aronson  Building  (p.  78)  and  in  the 
general  discussion  of  the  subject  (p.  72).  Many  floor  tiles  had  lost 
their  lower  webs. 

The  new  Chronicle  Building  (also  shown  in  PL  XXX,  B)  was 
badly  racked  by  the  earthquake  from  the  point  where  it  rose  above 
the  neighboring  buildings  to  the  top.  It  seems  to  have  been  pro- 
vided with  knee  braces  tending  to  stiffen  it  in  a  direction  parallel 
to  the  Kearney  street  front.  In  the  first  story,  at  any  rate,  there 
were  some  diagonal  braces  in  the  steel  work  of  the  north  wall.  The 
w^orst  damage  was  to  the  masonry  of  the  Kearney  street  front;  the 
shattering  of  this  masonry  can  be  observed  by  a  close  inspection  of 
PI.  XXX,  B,  This  building  was  unfinished.  It  had  Tiollow-tile 
fireproofing,  including  partitions.  The  burning  out  of  the  window 
trim  and  of  whatever  combustible  matter  may  have  been  in  the 
building,  caused  a  good  deal  of  damage  to  the  hollow-tile  floors, 
especially  near  the  windows,  where  the  lower  webs  came  off  almost 
completely. 

The  old  Chronicle  Building  seems  to  have  suffered  very  little 
from  the  earthquake,  notwithstanding  it  must  have  acted  as  a  buttress 
for  the  new  building. 

CITY    HALT.    AND    HALL   OF    RECORDS. 

The  new  city  hall  in  San  Francisco  (PI.  XXXI),  together  with 
the  hall  of  records,  which  adjoins  it  and  which  formed  practically 
a  part  of  one  and  the  same  structure,  was  a  massive  brick  building 
w^ith  steel  floor  beams.  This  building  had  corrugated-iron  floor 
arches,  leveled  up  with  concrete.  There  were  some  naked  cast-iron 
columns  where  the  span  from  Avail  to  wall  was  too. great  for  the 
beams.  All  interior  partitions  of  any  importance  were  of  brick  and 
rather  heavy.  In  the  basement  and  subbasement  the  corrugated-iron 
arches  were  left  exposed.  Everywhere  else  there  w^as  a  ceiling  car- 
ried on  a  form  of  metal  lathing  consisting  of  sheets  of  metal  crimped 
so  as  to  form  dovetailed  grooves  or  ribs;  the  plaster,  being  pressed 
up  against  this  lathing  and  into  the  dovetailed  grooves,  was  enabled 
lo  hold  on  by  the  key  thus  formed.  The  girders  in  the  building  w^ere 
protected  by  a  Avrapping  of  this  metal  lathing  finished  on  the  exterior 
with  plaster.  The  brickwork  in  the  city  hall  was  made  of  a  very 
good  quality  of  common  bricks.  The  mortar  appeared  to  be  lime 
mortar  gaged  Avith  cement,  and  Avas  distinctly  superior  to  lime  mortar 
pure  and  simple.  The  workmanship  was  also  above  the  average. 
The  bricks  were  not  as  well  laid  as  they  might  be,  yet  it  Avas  not  poor 
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work  by  any  means.  I  found  a  few  places  where  joints  were  not 
well  filled,  but  not  a  greater  number  of  such  places  than  one  would 
expect  to  find  even  in  fairly  good  work.  On  the  exterior  the  build- 
ing was  finished  with  stucco,  which  w^as  tinted  to  imitate  the  grayish- 
green  sandstone  so  much  used  for  building  purposes  in  San  Francisco. 

The  city  hall  was  of  an  irregular  plan,  as  it  was  built  on  a  trian- 
gular lot.  The  building  contained  in  the  western  part  an  interior 
court,  in  which  a  nonfireproof  structure  had  been  erected  prior  to  the 
earthquake  and  fire  to  accommodate  the  fire-alarm  headquarters. 
On  the  southeast  front  of  the  building  a  little  to  the  east  of  the 
center  was  a  rotunda  with  a  tower  and  dome  above  it.  This  tower 
was  built  of  brickwork  up  to  the  base  of  the  upper  of  two  peristyles 
of  free  pillars  around  the  outside  of  the  tower.  This  peristyle  was 
composed  of  steel  columns  covered  with  hollow  tiles,  so  as  to  form  a 
pillar  of  circular  section  with  an  entasis.  The  walls  of  the  tower 
from  the  base  of  this  peristyle  up  also  seem  to  have  been  of  hollow 
tiles..  At  the  base  of  the  dome  was  a  floor  composed  of  terra -cotta 
flat  arches.  It  was  reported  that  the  masonry  of  the  building  had 
been  reenforced  to  a  great  extent  with  embedded  steel  bars  for  the 
purpose  of  increasing  its  resistance  to  earthquake.  I  did  not  notice 
any  such  bars  myself,  but  it  was  very  difficult  to  get  such  access  to 
the  debris  as  would  have  permitted  the  verification  of  this  point. 

In  a  general  way  it  may  be  said  that  the  southwest  half  of  the 
building  was  practically  destroyed  by  the  earthquake.  The  heavy 
masonry  was  thrown  down,  so  that  the  entire  southwest  half  of  the 
tower  was  left  entirely  exposed,  the  dome  standing  on  the  steel  work 
alone.  The  remaining  half  of  the  building  showed  considerable 
damage  from  the  earthquake,  but  the  principal  damage  here  was  due 
to  the  fire.  PI.  XXXI  gives  a  fair  idea  of  the  earthquake  damage 
in  the  southwest  half  of  the  building. 

It  will  l)e  observed  that  some  of  the  projecting  pilasters  on  the 
exterior  of  the  wall  were  badly  cracked.  A  singular  action  of  the 
earthquake,  as  exhibited  here  and  in  other  places,  was  the  tendency 
to  shear  off  projecting  pilasters  even  though  they  were  built  of  the 
same  material  as  the  wall  and  well  bonded  to  it.  In  my  judgment 
this  action  w^as  di^  to  the  fact  that  the  earthquake  caused  the  wall 
to  rock  slightly  sidewise.  AVhen  it  rocked  toward  the  side  from 
which  the  pilasters  projected,  the  entire  weight  would  be  for  an 
instant  concentrated  on  the  base  of  the  pilaster  in  such  a  way  as  to 
tend  to  shear  it  loose  from  the  wall,  which  actually  happened  in 
many  cases,  the  wall  presenting  no  other  evidence  of  damage  what- 
soever. Instances  of  this  damage  are  pointed  out  in  the  discussion 
of  other  buildings. 

Examination  of  PI.  XXXT,  especially  with  a  reading  glass,  will 
show  that  many  of  the  diagonal  braces  in  the  steel  work  of  the  tower 
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were  stretched  beyond  their  elastic  limit.  I  found,  on  pei-sonal  exam- 
ination in  the  field,  that  many  of  the  wind  struts  had  almost  slipped 
from  their  seats  on  the  columns.  The  bolt  holes  or  rivet  holes  in- 
tended for  bolts  or  rivets  to  hold  the  struts  in  place  between  their 
seats  w^ere  not  filled.  Whether  this  was  due  to  the  fact  that  they  had 
been  sheared  by  the  earthquake  or  whether  they  had  been  omitted  in 
erection,  I  could  not  determine  definitely.  The  latter'  will  seem  a 
plausible  supposition  to  anyone  familiar  with  the  way  in  w^hich  the 
average  erecting  gang  does  its  work.  A  few  of  the  wind  struts  had 
absolutely  slipped  from  their  seats  and  fallen  down;  but  it  was  not 
possible  to  determine  from  the  visible  evidence  whether  this  damage 
was  due  to  the  earthquake  or  to  the  precipitation  of  the  mass  of 
masonry  upon  the  struts  as  a  result  of  the  failure  of  the  outer  walls. 
Examination  of  the  diagonal  tie-rods  made  it  apparent  that  some 
of  them  may  have  been  stretched  and  bent  by  the  mass  of  masonry 
falling  upon  them,  but  that  others  had  very  clearly  been  stretched 
beyond  the  elastic  limit  by  the  vibration  of  the  tower  during  the 
earthquake.  In  inspecting  the  inside  of  the  rotunda  I  observed  con- 
siderable earthquake  damage  to  the  tower,  including  the  stretching 
of  a  pair  of  diagonal  tie-rods  in  the  dome  by  the  impact  of  the 
falling  material.  The  terra-cotta  floor  at  the  base  of  the  dome  was 
absolutely  intact,  so  far  as  could  be  determined.  I  made  an  effort 
to  get  out  upon  the  steel  work  of  the  tower  to  climb  it,  but  could 
only  get  as  high  as  the  gallery  in  the  rotunda  on  a  level  with  the 
upper  floor  of  the  main  building.  The  means  of  access  to  the  higher 
points  had  been  evidently  destroyed  by  the  earthquake.  The  portion 
of  the  tower  above  this  point,  however,  was  carefully  examined 
through  a  very  good  field  glass,  w  hich  enabled  me  to  see  a  great  many 
details  practically  as  well  as  if  I  had  been  able  to  climb  the  tower 
itself.  Among  other  things,  it  indicated  very  clearly  that  this  terra- 
cotta fioor  was  of  a  much  better  type  than  those  ordinarily  put  into 
commercial  buildings. 

Around  a  portion  of  the  rotunda  there  was  an  inner  w^all,  built  of 
hollow  tiles,  which  the  earthquake  had  so  shattered  that  practically 
the  entire  wall  would  have  to  be  taken  doAvn  in  order  to  make  ade- 
quate repair.  It  will  be  noted  by  an  examination  of  PI.  XXXI  that 
the  brickwork  of  the  building  fell  and  broke  up  into  large  masses. 
If  it  had  been  very  poor  brickwork  it  would  have  broken  up,  for  the 
most  part,  into  individual  bricks,  and  the  fact  that  it  did  not  do  so 
is  proof  that  it  was  not  of  a  kind  to  call  for  serious  censure  of  the 
architect  or  contractor.  There  was  practically  no  fire  in  the  rotunda 
of  the  tower  of  the  city  hall.  Opposite  the  main  corridor  connecting 
with  the  portion  of  the  building  to  the  north  the  varnish  on  the 
hand  rail  in  the  upper  galleries  was  scorched,  but  on  the  main  floor 
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a  temporary  platform  covered  with  bunting,  which  had  evidently 
been  used  on  the  occasion  of  some  meeting,  was  practically  undam- 
aged, except  for  the  material  which  had  been  precipitated  upon  it. 

The  main  structure  of  the  building  itself,  to  the  southwest  of  the 
tower,  as  shown  in  the  foreground  and  to  the  left  in  PL  XXXI,  was 
badly  racked  by  the  earthquake.  There  was  very  little  damage  from 
fire  in  this  part  of  the  building.  .Either  the  vibration  due  to  the 
earthquake  or  the  impact  of  falling  material  removed  a  good  deal 
of  plaster  from  the  walls'  in  the  part  of  the  building  immediately 
behind  the  two  columns  that  are  still  standing,  with  the  portion  of 
the  entablature  that  they  supported.  A  large  part  of  the  building 
was  entirely  gutted  b}^  the  fire,  so  that,  in  my  judgment,  it  would  cost 
about  as  much  to  remove  the  debris  and  restore  this  building  as  it 
cost  to  put  up  the  building  originally. 

In  the  northwest  corner  of  the  building  there  was  a  pavilion  which 
had  a  row  of  free  columns  still  standing.  In  the  middle  of  the  west 
front  of  the  building  there  had  l)een  a  pavilion  with  a  similar  row 
of  columns,  all  of  which,  with  their  entablatures,  were  precipitated 
into  the  street.  These  columns  were  composed  of  drums  of  cast  iron 
with  annular  rebates  which  enabled  them  to  be  securely  seated  and 
centered  on  each  other.  The  interior  of  each  shaft  was  filled  with 
broken-brick  concrete  of  a  very  good  quality.  The  columns  were 
ver}^  heavy  and  massive,  and  it  must  have  required  an  extremely 
severe  shock  to  detach  their  entablatures  from  the  rest  of  the  build- 
ing and  then  to  throw  the  whole  mass  into  the  street. 

The  effect  of  the  fire  on  the  interior  of  the  city  hall  was  very  inter- 
esting. Some  parts  of  the  ceiling  remained  in  place  sufficiently  long 
to  protect  the  corrugated -iron  arches  from  damage;  in  fact,  some  of 
the  ceiling  did  not  come  down  at  all.  Such  a  case  is  presented  in  PL 
XXVI,  5,  which  shows  the  incipient  failure  of  a  naked  cast-iron 
column  and  a  ceiling  that  was  evidently  on  the  point  of  coming  down. 
AVhere  the  fire  was  intense  it  brought  the  ceiling  down  in  time 
to  permit  serious  damage  to  the  corrugated -iron  arches  and  their  con- 
crete filling.  AMierever  these  arches  were  expost^l  directly  to  much 
heat  the  first  effect  was  to  cause  them  to  expand  and  rise  at  the 
crown,  which  generally  resulted  in  shattering  the  concrete  filling  im- 
mediately over  the  crown.  Further  application  of  the  heat  caused 
the  corrugated-iron  arch  to  soften  and  come  down  altogether.  \Mien 
it  did,  the  concrete  followed  it,  the  portion  at  the  crown  being  too 
much  shattered  to  act  as  a  key.  In  this  way  the  total  collapse  of 
large  areas  of  floor  construction  in  the  city  hall  was  brought  about. 
The  concrete  arch  would  have  stood  l)etter  alone  than  it  did  with  cor- 
rugated iron  underneath  it;  indeed,  it  is  doubtful  whether  any  of  the 
concrete  arches  would  have  collapsed  but  for  the  damage  done  by  the 
expansion  of  the  corrugated  iron.     The  concrete  was  of  a  very  fair 
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quality  and  the  arches  weiQ  very  heavy.  Many  of  the  floor  l)eams 
were  24  inches  deep,  and  that  was  consecjuently  the  depth  of  concrete 
at  the  haunches.  The  thickness  at  the  crown  seems  to  have  been  not 
less  than  5  or  6  inches,  and  the  span  lx*tween  floor  l>eains  was  not 
more  than  G  or  7  feet.  A  concrete  arch  of  such  dimensions  and  such 
span,  even  though  it  had  been  made  of  very  poor  concrete,  should 
have  stood  perfectly  well  had  it  been  dejTending  on  its  own  power  of 
resistance  alone.  In  a  number  of  places  where  the  floor  did  not  col- 
lapse the  effect  of  heat  on  the  expos(»d  lower  flanges  of  the  24-inch 
beams  was  sufficient  to  produce  a  deflection  of  (>  or  7  inches  on  a  span 
of  25  or  30  feet.  This  result  indicates  clearly  the  necessity  of  pro- 
tecting the  exposed  flanges  of  all  beams. 

PI.  XXVI,  5,  shows  some  unconsumed  papers  about  the  base 
of  the  cast-iron  column.  These  papers  came  from  a  vault  which 
opened  into  this  room  and  the  contents  of  which  were  charred, 
but  not  destroyed;  all  the  combustible  contents  of  the  room  proper 
were  destroyed.  The  dark  splotches  on  the  wall  in  the  background 
are  due  to  spalling  of  the  brickwork  at  the  surface  under  the  influ- 
ence of  the  fire.  This  plienomenon  was  noticed  in  a  number  of  places 
in  San  Francisco,  just  as  it  was  in  Baltimore;  but  as  a  rule  the  spall- 
ing did  not  penetrate  to  a  greater  depth  than  half  an  inch,  and  the 
wall  itself  was  practically  as  good  as  before.  In  the  fire  at  San  Fran- 
cisco, as  in  every  orher  large  fire,  the  right  kind  of  brickwork  proved 
to  be  more  resistant  than  any  other  material. 

A  good  deal  of  the  plaster  on  the  interior  walls  in  the  city  hall 
was  on  wooden  furring  studs  and  wooden  laths.  AMiy  this  kind  of 
work  should  have  been  done  is  beyond  comprehension.  Many  of  the 
corridors  would  have  suffered  practically  no  damage  but  for  this  one 
circumstance.  As  the  fire  burned  out  the  wooden  trim  of  openings 
between  the  corridors  and  the  rooms  it  gained  access  to  the  w  ooden 
furring  and  burned  it  out  behind  the  plaster,  thereby  bringing  most 
of  the  plaster  down.  There  were,  however,  many  square  yards  still 
standing,  although  the  w^ooden  furring  studs  and  laths  had  been 
burned  out  behind.  There  would  appear  to  have  been  no  reason  for 
furring  these  interior  walls;  the  plaster  could  just  as  well  have  been 
applied  to  the  brickwork  itself.  As  a  matter  of  fact,  in  many  parts 
of  the  building  it  was  so  applied,  though  in  other  parts  the  walls 
were  furred  with  metal  lathing  and  studs.  A\Tiy  a  uniform  treat- 
ment was  not  adopted  is  not  apparent. 

The  halls  of  the  building  were  generally  floored  with  marble  tile. 
Even  where  the  heat  had  apparently  not  been  very  intense  these  tile 
floors  expanded  and  came  up,  and  the  marble  was  rendered  chalky, 
while  the  color  was  completely  ruined. 

In  this  building  a  number  of  girders  or  lintels  rested  upon  stone 
templates,  which*  were  exposed  at  the  face  of  the  w^all.    All  such 
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templates  that  were  subjected  to  the  heat  were  badly  spalled  and  shat- 
tered, and  one  or  two  of  them  had  failed  sufficiently  to  permit  the 
ends  of  the  girders  to  settle  an  inch  or  more.  I  also  noticed  a  num- 
ber of  places  in  the  walls  of  the  building  where  the  fire  had  evidently 
found  its  way  into  the  interior  of  unfilled  joints  through  very  small 
and  tortuous  passages. 

The  hall  of  records  was  connected  with  the  city  hall  by  means  of 
an  arcaded  corridor.  The  building  was  circular  and  all  the  floors 
above  the  first  were  pierced  so  that  they  practically  formed  galleries. 
The  beams  supporting  these  upper  floors  or  galleries  were  of  steel, 
set  radially  and  supported  at  their  inner  ends  by  girders  carried  on 
a  peristyle  of  12  circular  cast-iron  columns,  which  had  no  fireproof 
covering  of  any  sort.  The  floor  arches  were  segmental  arches  of 
common  bricks.  The  lower  flanges  of  the  beams  were  exposed,  but 
the  evidence  indicated  that  there  must  hav^  been  a  suspended  ceiling 
of  some  sort  below^  the  fireproof  floor  construction,  although  it  was 
impossible  to  determine  its  nature.  It  is  probable  that  it  w  as  carried 
on  combustible  supports  of  some  kind,  which  have  totally  disap- 
peared. As  the  records  had  Ijeen  carried  away  from  this  building 
before  the  fire  reached  it  the  heat  within  it  was  not  very  intense  and 
the  interior  of  the  structure  was  standing  in  a  comparatively  undam- 
aged condition,  except  for  finish.  The  exterior  walls,  however,  were 
badly  shattered  by  the  earthquake.  The  window  shutters  were  of 
iron,  and  if  they  had  remained  in  place,  considering  the  situation  of 
this  building,  would  probably  have  kept  the  fire  out.  As  indicated 
in  the  view,  however,  the  earthquake  wrenched  some  of  these  shutters, 
with  their  surrounding  masonry,  entirely  out  of  the  wall,  thereby, 
of  coui'se,  leaving  easy  access  for  the  flames. 

As  previously  stated,  it  is  my  opinion  that  to  remove  the  debris 
and  restore  the  city  hall,  including  the  hall  of  records,  to  its  original 
condition  would  cost  as  much  as  the  entire  building  cost  in  the  l>egin- 
ning.  As  it  was  so  badly  damaged  by  the  shock  it  would  apparently 
lje  w  ise  to  remove  it  altogether  and  build  a  structure  of  another  type 
designed  to  resist  earthquakes. 

COWKLL    lU  ILDINO. 

No  special  interest  attaches  to  the  Cowell  Building,  except  that  it 
seems  to  have  Ix'en  more  flimsy  than  the  average.  It  had  unprotected 
steel  work  and  girders  and  wooden-joisted  floors.  The  effect  of  fire 
on  the  unprotected  steel  work  is  well  illustrated  in  PI.  LI,  B. 

(  ROCKEK    HI  ILDINO. 

The  Crocker  Building  had  a  stoel  frame  and  hollow-tile  fireproof - 
ing.     Some  of  the  tile  arches  had  totally  collapsed,  and  over  large 
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areas — probably  at  least  30  per  cent  of  the  whole — they  had  lost  their 
lower  webs.  There  was  nothing  of  special  interest  in  this  building 
more  than  has  been  described  with  other  buildings.  The  damage 
seemed  to  be  about  as  great  as  the  average — probably  more  than  60 
per  cent. 

CROCKER   ESTATE   BITILDING. 

PI.  XXVITI,  /?,  shows  the  kind  of  damage  to  ornamental  terra 
cotta  which  is  typical  of  both  earthquake  and  fire  action.  This  par- 
ticular view  was  selected  because  it  was  possible  to  take  it  from  a 
point  near  by  so  as  to  show  the  damage  in  detail.  The  Crocker 
Estate  Building,  a  part  of  which  is  shown  in  the  view,  had  cinder- 
concrete  floor  slabs,  rolled  l>eams  and  girders,  and  naked  cast-iron 
columns.  The  fire  was  evidently  not  very  hot  in  this  building.  The 
lower  flanges  of  the  beams  and  girders  were  covered  with  expanded 
metal  and  plaster.  The  webs  of  the  beams  were  protected  with  cinder 
concrete  built  out  solid  from  the  webs  to  the  edge  of  the  flange.  The 
rear  portion  of  this  building  and  a  building  of  similar  construction 
on  the  east  had  largely  collapsed,  apparently  as  a  result  of  the  action 
of  the  fire  on  the  naked  cast-iron  columns.  At  this  and  every  other 
point  where  exposed  cast-iron  columns  had  failed  it  was  often  noticed 
that  the  heads  of  the  columns  broke  off  and  remained  attached  to 
girders  and  beams  by  means  of  the  lugs  and  bolts.  This  result  con- 
firms conclusions  derived  from  certain  experiments  made  a  number 
of  years  ago,  to  the  effect  that  the  lugs,  ribs,  etc.,  at  the  heads  of  cast- 
iron  colunms  are  tlie  source  of  severe  shrinkage  stresses,  with  conse- 
quent weakness  in  the  colunm. 

DEWEY    MONUMENT. 

The  Dewey  monument,  in  Union  Square,  is  shown  in  PI.  XXX,  A. 
Careful  examination  indicates  that  the  upper  stone  of  the  shaft  has 
slipped  to  the  left  by  an  appreciable  amount — apparently  about  an 
inch.  The  second  stone  has  slipi>ed  about  three-fourths  as  far,  and 
the  third  stone  from  the  top  about  one-fourth  of  an  inch.  I  was 
informed  that  there  is  a  steel  bar  running  up  through  the  center  of 
the  shaft.  This  construction,  if  it  was  used,  explains  why  the  monu- 
ment was  not  thrown  to  the  ground,  as  it  otherwise  must  have  been. 

EMPORIUM. 

The  Emporium  was  a  large  department  store  on  the  south  side  of 
Market  street,  between  Fourth  and  Fiftli  streets  (PI.  XXXII).  The 
only  portion  of  its  interior  structure  which  remained  had  been  carried 
by  a  steel  frame.  It  is  reported,  however,  that  mill  construction  had 
been  used  for  the  upper  stories  in  a  portion  of  the  building.     It  is  also 
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reported  that  this  building  was  dynamited  three  times  during  the 
progress  of  the  fire,  although  I  was  assured  by  a  policeman,  who 
claimed  to  have  been  on  duty  during  the  whole  time,  that  this  report 
was  not  true.  Under  the  circumstances,  it  is  a  little  difficult  to  draw 
a  reliable  conclusion  from  the  state  of  affairs  in  the  Emporium. 
However,  examination  of  the  ruins  indicated  very  strongly  that  much 
of  the  trouble  was  due  to  the  inadequacy  of  the  fireproof  protection 
to  the  steel  work. 

PL  XXXII,  ^1,  is  a  general  view  of  the  collapsed  portion  of  the 
building  and  illustrates  the  failure  of  the  terra-cotta  column  covering 
in  various  stages.  The  hollow-tile  end-construction  arches  in  the 
mezzanine  floor  had  collapsed  over  considerable  areas,  under  the 
influence  of  heat  alone,  as  the  evidence  plainly  indicated  that  nothing 
could  have  been  precipitated  upon  them  and  that  they  were  not  sub- 
jected to  an  explosion.  A  considerable  portion  of  the  rear  wall  of 
the  Emporium,  which  had  been  thrown  down,  probably  partly  by 
earthquake  and  partly  by  the  fire,  presented  one  case  of  very  excellent 
mortar  used  in  a  commercial  building.  The  mortar  was  better  than 
the  bricks,  and  both  were  of  good  quality.  The  fireproofing  in  the 
lower  part  of  the  building  was  quite  as  good  as  that  ordinarily  found 
in  similar  structures  throughout  the  country.  In  fact,  it  would  be 
easy  to  point  out  department  stores  not  so  well  fi reproofed  as  the 
lower  part  of  the  Emporium. 

I  have  always  been  of  the  opinion  that  the  Home  store  in  Pitts- 
burg, which  w^as  the  first  large  fireproof  department  store  to  be 
tested  by  fire,  was  really  closer  to  collapse  from  the  heat  than  is 
generally  believed.  After  the  covering  has  been  stripped  from  a 
steel  column,  the  time  and  heat  required  to  bring  it  down  are  not 
very  great.  The  fact  that  the  covering  comes  off  during  a  fire  is 
absolute  proof  that  it  is  wholly  inadequate.  If  the  steel  column 
siands  up,  notwithstanding  the  loss  of  its  covering,  it  is  due  to 
good  luck  and  not  at  all  to  good  fireproofing.  In  the  Home  store 
the  covering  was  stripped  from  a  number  of  columns;  in  the  Empo- 
rium Building  the  same  thing  happened,  but  the  heat  continued  a 
little  longer,  and  there  is  no  doubt  in  my  mind,  after  an  examination 
of  the  ruins,  that  at  least  a  portion  of  tlie  collapse  was  due  to  the 
failure  of  the  columns  under  heat.  The  floor  tiles  in  the  Emporium 
Building  lost  their  lower  webs  in  large  quantities,  where  the  arches 
themselves  did  not  collapse;  and  tiles  in  the  column  covering  which 
did  not  come  off  bodily  also  lost  their  exposed  webs  in  considerable 
quantities.  The  ruins  of  the  Emporium  w^ere  in  a  very  dangerous 
condition,  so  that  a  detailed  inspection  was  not  practicable;  and  it 
is  doubtful  whether  any  useful  results  would  have  followed,  because 
the  fireproofing  was  of  the  ordinary  commercial  type  which  has 
often  enough  been  proved  inadequate  to  resist  a  serious  fire. 
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FAIRMOUNT  HOTEL. 

The  lower  two  stories  of  the  Fairmount  Hotel  (PI.  XXXIV)  were 
of  concrete.  The  next  story,  the  first,  was  built  of  granite,  appar- 
ently backed  with  brickwork,  and  above  that  the  building  was  faced 
with  ornamental  terra  cotta.  The  earthquake  damage  to  this  t^rra 
cotta  was  severe.  Neither  the  granite  nor  the  concrete  walls  of  this 
building  seemed  to  have  suffered  materially  from  the  earthquake, 
but  the  granite  was  badly  damaged  by  the  fire.  The  building  was 
surrounded  by  a  wide  open  space,  and  the  fire  must  have  been  very 
fierce  in  its  vicinity  to  have  ignited  it.  I  was  informed  that  consid- 
erable damage  was  done  to  the  steel  work  and  fireproofing  in  this 
building;  but  as  the  owners,  or  at  least  those  in  charge,  objected  to 
having  it  inspected,  and  as  it  was  an  unfinished  building,  I  made  no 
examination  of  its  interior.  If,  under  the  circumstances,  it  suf- 
fered seriously  from  the  fire,  the  only  conclusion  that  could  have 
been  drawn  was  that  the  fireproofing  was  very  poorly  done. 

JAMES   FliOOD  BUILDING. 

The  new  James  Flood  office  building,  situated  on  the  north  side  of 
Market  street,  opposite  the  Emporium  Building,  had  a  steel  frame, 
segmental  hollow-tile  floor  arches,  terra-cotta  column  covering  and 
partitions,  and  furred  ceilings  of  metal  lath  and  plaster.  The  hol- 
low-tile column  covering  and  partitions  failed  in  this  building  in 
the  same  manner  as  in  others,  and  to  about  the  same  extent  as  in  the 
average  building.  The  lower  stories  seem  to  have  been  occupied  for 
mercantile  purposes,  and  here  the  fire  damage  was  greater  than  it 
was  above.  PI.  XXXV,  .1,  is  a  view  taken  in  the  first  story  of  the 
Market  street  wing.  The  second  and  third  columns  from  the  front 
are  slightly  buckled  to  the  right.  They  were  covered  with  hollow 
tiles  in  about  the  same  way  as  the  colunuis  shown  in  the  Aronson 
Building.  The  cohmins  in  the  James  Flood  Building  were  Z-bar 
columns  and  were  filled  in  solidly  with  brickwork,  in  addition  to  the 
hollow-tile  covering  shown  in  the  view.  In  my  judgment,  this 
construction  was  the  only  thing  that  saved  the  Market  street  wing 
of  this  building  from  collapse,  because  there  was  every  evidence  that 
the  columns  which  Avere  found  slightly  buckled  had  reached  a  dan- 
gerous temperature,  and  would  probably  have  come  down  and 
wrecked  all  of  the  building  above  them  had  it  not  been  for  the  stiffen- 
ing effect  of  the  brick  filling. 

PI.  XXXIII,  B,  shows  a  doorway  in  the  west  front  of  the  James 
Flood  Building  illustrating  the  damage  by  earthquake  to  the  sand- 
stone piers.  The  stone  used  in  this  building  was  the  same  grayish- 
green  sandstone  that  is  described  in  connection  w^ith  other  buildings, 
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and  at  each  principal  entrance  there  was  a  groined-arch  ceiling  made 
of  it.  These  ceilings  were  so  badly  cracked  and  damaged  that  they 
will  probably  have  to  be  taken  down  and  rebuilt. 

GRANT   BUILDING. 

The  structure  at  Seventh  and  Market  streets  known  as  the  Grant 
Building  illustrated  the  capricious  variation  in  intensity  of  the  earth- 
quake shock  within  short  distances.  This  building  was  separated 
from  the  post-office  by  a  very  narrow  street,  hardly  wider  than  an 
alley.  The  building  had  cinder-concrete  floor  slabs,  furred  ceilings 
in  the  upper  stories,  and  terra-cotta  partitions.  Although  it  was  a 
commercial  building  of  very  ordinary  type,  it  was  only  slightl}'^ 
damaged  by  the  earthquake,  but  was  gutted  by  fire.  It  was  entirely 
outside  the  area  of  surface  disturbance,  the  streets  in  its  vicinity 
showing  no  signs  of  settlement  or  upheaval.  The  fire  was  not  very 
hot  apparently,  but  was  just  about  able  to  take  the  plaster  off  the 
under  part  of  the  floor  construction  without  seriously  damaging  the 
latter.  The  terra-cotta  partitions  were  all  down.  There  was  no 
evidence  of  superiority  of  construction,  however,  as  everything 
pointed  to  moderate  tests  by  both  earthquake  and  fire. 

HALL   OF    JUSTICE. 

The  Hall  of  Justice  was  one  of  the  municipal  buildings  w^hich  was 
seriously  damaged  by  the  earthquake.,  A  general  view  is  shown  in 
PI.  XXXIX,  A^  but  does  not  bring  out  the  damage  that  really 
occurred.  In  the  basement  of  this  building  was  another  example  of 
buckled  columns.  The  columns  were  covered  with  expanded  metal 
and  plaster.  This  covering  failed  at  a  point  near  the  floor,  and  the 
columns  buckled  and  sank,  producing  the  same  effect  as  if  they  had 
been  punched  into  the  ground.  The  column  coverings  throughout 
this  building  failed  very  generally  from  the  fire. 

KAMM    m  ILDING. 

The  Kamm  Building  was  situated  on  Market  street,  west  of  the 
Call  Building.  The  rear  portion  was  extended  eastward  by  a  short 
ell,  so  that  it  was  wider  than  the  front.  It  was  occupied  in  the 
first  story  and  basement  by  a  wall-paper  establishment.  The  columns 
were  protected  by  metal  lathing  and  plaster. 

The  burning  of  the  wall  paper  in  the  basement  caused  general 
buckling  of  the  basement  columns  to  such  an  extent  as  to  result  in 
the  collapse  of  all  the  interior  framework  of  practically  the  entire 
rear  portion  of  the  building.  A  good  view  of  this  building  is  to 
be  found  in  the  Engineering  Record  of  May  2G,  1000,  on  page  045. 
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KOHL   BUILDING. 

The  Kohl  Building  was  of  steel-frame  construction  faced  with  the 
grayish-green  sandstone  which  is  referred  to  so  often.  It  had  reen- 
forced -concrete  floors  with  furred  ceilings  and  partitions  of  metal 
lath  and  plaster.  The  window  frames  and  sash  were  metal  covered, 
and  there  was  very  little  combustible  matter  in  the  finish.  The 
doors,  with  their  frames  and  jambs,  were  of  wood  covered  with 
sheet  metal.  It  is  manifest  that  this  building  was  not  subjected  to 
very  intense  heat,  as  the  windows  above  the  fourth  story  were 
unbroken  and  the  stone  was  comparatively  undamaged.  The  first, 
second,  and  third  stories  were  burned  out,  and  there  was  some  damage 
in  both  the  fourth  story  and  the  attic. 

The  metal-covered  doors  in  this  building,  however,  prevented  to 
some  extent  the  spread  of  the  fire  within  the  building  itself,  so  that 
where  one  room  burned  out,  the  fire  coming  in  through  a  front 
window,  an  adjacent  room  was  not  burned  because  of  the  resistance 
offered  by  the  door.  The  building  could  hardly  have  been  sub- 
jected to  a  very  fierce  heat,  however,  for,  if  it  had  been,  the  light 
partitions  would  have  failed,  in  which  case  the  metal-covered  doors 
would  have  been  of  no  avail.  AVhere  the  heat  was  really  intense, 
the  wood  of  doors,  frames,  and  windows  burned  out  under  the  metal 
anyway,  but  of  course  the  metal  covering  delayed  the  ignition  of 
the  wood  and  later  prevented  it  from  burning  freely, 

ifERCIIANTS     EXCHANGE    BUILDING. 

The  structure  known  as  the  Merchants'  Exchange  was  a  steel- 
ffame  building  with  Roebling  cinder-concrete  flat  floor  slabs,  double 
wire-lath  and  plaster  protection  fgr  the  columns,  and  partitions 
made  of  light  furring  irons,  wire  lath,  and  plaster.  In  some  places 
wire  lath  and  plaster  were  applied  to  both  sides  of  the  furring 
strips;  in  others  the  furring  strips  with  the  wire  lath  were  simply 
plastered  on  both  sides.  This  was  one  of  the  buildings  in  which 
the  vault  walls  were  made  of  the  same  materials  as  the  partitions. 
Every  vault  in  the  building  failed.  All  the  partitions  in  the  build- 
ing were  a  total  loss;  not  only  did  the  plaster  have  to  come  off,  but 
the  metal  framework  had  to  come  down  also.  The  floor  construc- 
tion had  a  furred  ceiling  below  it.  The  plaster  had  come  down 
because  of  the  heat  on  nearly  all  the  ceilings,  and  probably  as  much 
as  20  per  cent  of  the  furring  rods  and  wire  lathing  were  down. 

Large  areas  of  the  face  bricks  were  shaken  from  the  wall  of  this 
building,  owing  to  the  fact  that  they  were  laid  without  bond.  The 
rear  wall  was  also  damaged  by  the  earthquake.  The  adhesion  of  the 
bricks  and  mortar  seemed  to  be  largely  destroyed  throughout  the  wall, 
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without,  however,  producing  any  very  large  cracks.  It  is  doubtful 
whether  the  wall  is  really  safe  in  its  present  condition.  On  the  inside 
of  this  building  some  of  the  wall  columns  were  covered  with  4  inches 
of  brickwork  projecting  from  the  inner  face  of  the  wall  as  a  pilaster. 
Some  of  these  brick  coverings  had  cracked  almost  entirely  aw^ay  from 
the  main  walls,  besides  being  cracked  vertically  at  other  points  in  a 
manner  similar  to  the  cinder-concrete  column  coverings  in  the  base- 
ment of  the  Aronson  Building  described  on  page  79.  The  brickwork 
in  these  places  seemed  to  have  been  rather  below  the  average  in 
quality.  It  is  not  entirely  certain  whether  the  fire  or  the  earthquake 
caused  the  cracks,  but  all  the  columns  seem  to  have  been  uninjured, 
although  the  briekw  ork  of  one  or  two  was  so  badly  damaged  that  it 
ought  to  be  taken  down  and  rebuilt.  Some  enameled  bricks  were 
practicallv  ruined  by  the  fire,  which  stripped  off  the  enamel  face 
(PI.  XL,^1). 

MILI^  BUILDING. 

The  large  steel-frame  Mills  Building  was  without  special  bracing. 
The  floors  were  of  hollow  tiles  on  the  end-construction  system,  and  the 
remainder  of  the  fireproofing  was  likewise  of  hollow  tiles.  The  tile 
arches  lost  their  lower  webs  to  a  great  extent,  and  some  of  them 
collapsed,  apparently  from  heat  alone;  the  column  coverings  failed 
very  generally,  and  the  girder  coverings  to  a  somewhat  less  extent 
(PL  XLV,  B).  One  basement  column  buckled  under  the  action  of 
the  heat  (PL  XL,  B).  The  conditions  in  the  Mills  Building  as  to 
column  coverings  and  partitions  were  similar  to  those  in  the  Aronson 
Building. 

UNITED   STATES    MINT. 

The  mint  was  an  old-fashioned  monumental  structure  with  granite 
walls  and  segmental  brick-arch  floor  construction,  carried  on  iron 
beams.  A  general  view,  showing  the  southw^est  front,  is  presented  in 
PL  XXXVIII,  A.  The  building  seems  to  have  been  practically 
iminjured  by  the  earthquake,  the  only  damage  visible  being  at  the 
base  of  the  right-hand  brick  stack.  It  is  probable  that  the  shock  at 
the  locality  of  the  mint  was  not  so  severe  as  it  was  at  the  new  post-office 
building,  although  the  two  are  only  a  few  blocks  apart ;  yet  the  result 
may  be  an  indication  that  the  solid  old-fashioned  monumental  walls 
with  the  stonework  solidly  backed  up  by  brickwork  constitute  after 
all  one  of  the  best  types  for  resisting  earthquake  shocks. 

It  is  somewhat  surprising  that  the  brick  stacks  were  not  over- 
thrown, but  I  am  informed  that  the  thickness  of  the  masonry  in  these 
stacks  was  very  great,  which  probably  explains  their  stability.  The 
northwest  (PL  XXXVIII,  B)  and  northeast  faces  of  the  mint  were 
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considerably  damaged  by  the  fire,  but  the  fire  was  kept  ont  of  the 
building  proper  by  means  of  water  from  an  artesian  well  equipped 
w^ith  fire  pumps,  located  in  the  building. 

MONADNOCK  lU  ILDING. 

The  structure  known  as  the  Monadnock  Building  was  an  ordinary 
steel-frame  office  building,  which  was  in  process  of  erection.  It  was 
badly  racked  by  the  earthquake.  Every  one  of  the  piers  in  which 
the  earthquake  cracks  appeared  was  so  badly  shattered  that  no  re- 
pairs short  of  tearing  down  and  rebuilding  would  suffice.  As  a 
matter  of  fact,  it  is  probable  that  adequate  repairs  to  the  masonry  in 
the  front  wall  of  this  building  would  involve  reconstructing  more 
than  half  of  it.  It  would  ap|)ear  that  there  must  have  been  rather 
Sincere  vibration  to  shatter  the  brickwork  so  badly.  Whether  the 
steel  escaped  injury  is  a  question  of  considerable  interest,  which  can 
not  be  settled  until  the  masonry  covering  is  taken  off. 

MUTUAL   LIFE    BUILDING. 

The  Mutual  Life  Building  was  a  steel-frame  structure  of  the 
same  general  type  as  the  Mijls  Building,  and  it  suffered  in  the  same 
general  way,  though  possibly  not  quite  so  much.  Some  of  the  floor 
arches  had  collapsed,  apparentlv  from  falling  weights  of  some  sort, 
(See  PI.  XLII,  .1.) 

PACIFIC    STATES    TELEPHONE    AND    TELEGRAPH    BUILDING. 

The  Pacific  States  Telephone  and  Telegraph  Building,  on  Bush 
street,  illustrated  the  tendency  of  the  earthquake  to  shear  off  project- 
ing pilasters  (PI.  XLI,  .1).  This  building  had  a  steel  frame,  stone- 
concrete  floor  arches,  furred  ceilings  above  the  basement,  and  con- 
crete column  and  girder  coverings.  The  front  windows  were  of 
plate  glass  in  metal-covered  sash,  with  rolling  steel  shutters  on  the 
outside.  The  side  and  rear  windows  were  of  wire  glass  in  metal- 
covered  sash  and  frames,  with  sliding  tin-covered  wooden  shutters  on 
the  inside. 

The  window  protection  seems  to  have  prevented  the  entrance  of 
fire  from  the  outside,  but  in  some  other  way  an  interior  fire  was 
started  which  completely  gutted  the  building.  The  interior  fire 
practically  destroyed  the  plate  glass,  but  not  the  rolling  steel  shutters. 
It  seriously  damaged  the  tin-clad  shutters,  but  did  not  damage  the 
Avire  glass  appreciably.  Had  the  interior  fireproofing  been  as  effi- 
cient as  the  window  protection  it  is  doubtful  whether  this  building 
would  have  boon  burned  out,  for  the  interior  fire  should  have  l)een 
confined  to  the  place  of  its  origin.     For  these  probable  facts  as  to  the 
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history  of  the  fire  in  this  building  I  am  indebted  to  S.  A.  Reed,  con- 
sulting engineer  for  the  committee  of  twenty  of  the  National  Board 
of  Fire  Underwriters.  Mr.  Reed  states,  however,  that  the  history  of 
the  fire  here  must  be  largely  surmise,  because  reliable  evidence  was 
not  obtainable. 

This  company  had  also  a  building  with  reen  forced -concrete  floor 
construction  and  wire-glass  protection  for  its  windows  for  one  of  its 
branch  exchanges.  The  exposure  of  this  building  was  probably  not 
very  severe.  It  was  three  stories  high  and  the  fire  got  into  the  upper 
story  and  cleaned  it  out ;  but  the  floor  construction  prevented  the  fire 
from  extending  into  the  stories  below,  which  sufl'ered  practically  no 
damage  to  structure  or  contents.  A  part  of  the  third-story  wall 
was  thrown  down  either  by  the  earthquake  or  by  some  other  means, 
and  this  damage  may  have  opened  a  way  for  the  entrance  of  the  fire. 

PALACE    HOTEL. 

All  of  the  interior  and  the  exterior  walls  of  the  Palace  Hotel,  on  the 
south  side  of  Market  street,  were  built  of  brickwork.  It  is  reported 
that  the  brickwork  was  reenforced  with  embedded  iron  bars.  The 
structure  stood  remarkably  well,  and  there  is  little  indication  of 
earthquake  damage.  The  building  was  nonfireproof,  and  was,  of 
course,  completely  burned  out,  but  the  walls  still  stand  almost  as  good 
as  ever.     (See  PI.  XXX,  B,) 

POST-OFFICE    BUILDING. 

The  steel-frame  and  granite  post-office  building  (Pis.  XLII,  B\ 
XLIII;  XLIV)  was  carried  on  isolated  grillage  foundations,  each 
column  having  its  own  footing.  The  diagonals  of  the  building  ran 
nearly  north  and  south  and  east  and  west,  the  south  corner  being  at 
Seventh  and  Mission  streets.  To  the  south  and  west  of  Mission 
street  was  an  elongated,  narrow,  curved  area  in  which  the  earth- 
quake damage  was  very  severe.  It  was  commonly  reported  that  this 
area,  which  was  not  far  from  the  south  corner  of  the  post-office  build- 
ing, was  a  stream  bed  or  ravine  that  had  been  filled  within  the 
recollection  of  the  older  inhabitants  of  San  Francisco.  Through  the 
courtesy  of  J.  W.  Roberts,  the  local  representative  of  the  Supervising 
Architect's  Office  of  the  Treasury  Department,  I  was  enabled  to  make 
a  detailed  inspection  of  the  building,  and  he  also  gave  me  very  com- 
plete information  as  to  the  history  of  the  building  and  the  causes 
of  the  various  items  of  damage  which  were  in  evidence  at  the  time 
of  my  inspection.  Mr.  Roberts,  who  is  evidently  a  cool  and  accu- 
rate observer,  seemed  of  the  opinion  that  the  material  under  the 
building  was  a  natural  deposit,  and  not  an  artificial  fill.     But  toward 
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the  south  it  was  not  of  a  nature  to  inspire  confidence  in  its  carrying 
power  at  the  depth  shown  on  the  foundation  plans.  He  accordingly 
obtained  authority  to  lower  the  footings  wherever  the  material  at 
the  depth  shown  on  the  plans  seemed  unreliable,  so  that  the  footings 
of  the  south  half  of  the  building  were  lowered — some  of  them,  as  I 
remember  his  statements,  to  a  depth  of  20  feet  or  more  below  the 
basement-floor  level.  At  any  rate,  he  carried  them  to  a  point  where 
the  material,  in  his  judgment,  was  sufficiently  hard  and  compact.  All 
this  underlying  material  is  very  sandy;  but  at  considerable  depths,  I 
understand,  gravel  appears,  and  the  combination  is  almost  as  hard 
as  hardpan. 

The  walls,  floors,  and  all  parts  of  the  post-office  building  proper 
are  carried  on  the  steel  frame.  The  outer  walls  consist  of  a  granite 
facing,  carried  on  the  steel  work  at  each  floor  level.  The  granite  is 
not  backed  up  in  the  usual  way,  the  backing  having  \)e£n  omitted 
to  save  weight.  Some  distance  Miind  the  granite  an  inner  wall  was 
built  of  hollow  terra-cotta  blocks.  The  space  bt^tween  the  granite 
and  the  terra  cotta  was  used  for  the  passage  of  pipes,  air  flues,  etc. 
The  granite  was  heavily  anchored  to  the  steel  work.  In  a  number 
of  panels  of  the  steel  work  corner  braces  made  of  a  pair  of  channels 
were  used,  and  they  were  fastened  as  far  down  on  the  columns  and 
as  near  to  the  center  of  the  wall  girder  that  spanned  the  space 
between  the  columns  as  the  window  openings  would  permit.  There 
was  also  some  portal  bracing  in  a  part  of  the  building  over  which 
it  had  been  intended  to  erect  a  tower.  This  intention  was  afterwards 
abandoned,  but  I  understand  the  bracing  was  in  place.  In  a  general 
way,  panels  of  the  outer  wall  in  which  the  corner  bracing  was  used 
suffered  less  than  adjacent  panels — especially  in  projecting  pavilions, 
where  there  was  no  bracing. 

Practically  all  the  interior  walls  of  the  building  above  the  base- 
ment were  built  of  hollow  tiles.  The  tiles  were  of  excellent  quality, 
with  webs  nearly  1  inch  thick.  The  floor  and  roof  construction  was 
of  clinker  concrete,  reenforced  with  expanded  metal.  Suspended 
ceilings  of  metal  lath  and  plaster  were  very  generally  used.  In  the 
mail-handling  room  there  were  a  number  of  isolated  columns  filled 
solid  with  clinker  concrete  and  covered  with  4  inches  of  enameled 
brickwork.  The  column  covering  was  circular,  the  bricks  having 
been  made  radial  for  this  purpose. 

The  lower  part  of  the  column,  however,  was  incased  in  a  circular 
cast-iron  covering  made  in  halves  and  put  together  around  the  col- 
umn. This  casing  took  the  place  of  the  enameled  brick  up  to  a 
point  above  which  injury  from  blows  and  abrasion  was  not  likely  to 
occur.  There  were  also  in  the  mail-handling  room  a  number  of 
circular  shafts  of  enameled  brickwork,  with  stairways  inside,  leading 
to  the  inspectors'  galleries.     The  corridors  of  the  building  and  the 
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more  important  rooms  had  a  great  deal  of  expensive  and  beautiful 
marble  finish ;  there  was  much  marble-mosaic  ceiling  work,  and  the 
finished  woodwork  was  of  extraordinary  richness.  On  top  of  the 
buildings  were  a  number  of  chimneys  built  of  granite  blocks  with 
terra-cotta  linings. 

All  the  materials  entering  into  the  construction  and  finish  of  this 
building  were  the  best  of  their  kind,  and  the  workmanship,  under 
the  efficient  supervision  of  Mr.  Roberts,  was  as  nearly  perfect  as  it  is 
possible  to  make  it.  I  have  never  seen  work  better  done,  and  have 
rarely  seen  it  so  well  done.  To  one  who  knows  and  appreciates  good 
work  it  is  a  continual  pleasure  to  see  everywhere  in  the  San  Fran- 
cisco post-office  the  record  of  sleepless  vigilance  and  skilled  labor. 
Where  the  structural  parts  were  laid  bare  by  the  damage  due  to  the 
earthquake,  the  same  story  was  told  by  the  minutest  details  as  well 
as  the  roughest  parts  of  the  work — everything  was  the  best  of  its 
kind.  It  is  therefore  of  great  interest  to  study  the  effect  of  the 
earthquake  on  this  structure,  for  the  care  with  which  it  was  built 
must  have  made  it  fully  as  good  as  its  designers  could  have  hoped. 
Moreover,  I  am  inclined  to  think  that  it  received  a  more  severe  shak- 
ing than  any  other  building  in  the  congested  district  of  San  Fran- 
cisco that  was  at  all  comparable  with  it.  The  city  hall  was  badly 
racked,  but,  to  judge  from  the  condition  of  the  adjacent  street  sur- 
faces and  the  surrounding  ruins,  the  shock  was  much  less  severe  than 
that  to  which  the  post-office  was  subjected.  For  instance,  there  was 
a  partially  erected  steel  frame  (PI.  XLII,  B)  on  the  southwest  side 
of  Seventh  street,  near  the  post-office.  Before  the  earthquake  all  the 
columns  were  plumb  and  in  true  alignment.  As  a  result  of  the  shock 
there  was  a  lateral  shifting  of  the  column  bases — the  relative  move- 
ment being  almost  2  feet  in  some  places — at  the  cellar-floor  level. 
The  basement  walls  of  the  incomplete  building  were  also  shifted 
horizontally;  at  the  east  corner,  where  the  walls  had  met  at  a  right 
angle,  they  had  been  ruptured  by  a  vertical  crack  and  moved  laterally 
in  such  a  way  that  the  angle  between  them  was  reduced  to  about  75°, 
as  nearly  as  I  could  estimate  it  without  taking  measurements. 

The  south  corner  of  the  post-office  building  is  shown  in  PI.  XLIV, 
A.  Mr.  Roberts  states  that  accurate  measurements  show  that  the 
building  proper  settled  a  little  at  this  point,  but  not  more  than  one- 
eighth  inch  relative  to  other  parts  of  the  structure.  The  general 
appearance  of  the  building  bears  out  this  statement.  The  result  is 
remarkably  gratifying  when  the  great  extent  of  the  near-by  surface 
disturbance  on  Mission  street  is  considered.  The  street  went  down 
about  4  or  5  feet  at  this  point  as  a  result  of  the  earthquake  (PL 
XLIII,  B),  The  molded  granite  shelf  surrounding  the  building, 
shown  with  small  timber  props  under  it  in  PI.  XLIV,  .4,  was  set  into 
a  rebate  in  the  main  wall  of  the  building.     When  the  sidewalk  and 
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the  supporting  granite  curb  settled  away  from  tlie  slielf,  it  remained 
in  position,  as  a  cantilever,  but  the  props  were  put  under  it  to  keep  it 
from  l)eing  broken.  In  the  basement  no  evidence  of  the  earthquake 
could  be  found,  except  a  few  insignificant  cracks  in  the  concrete  floor, 
which  Mr.  Roberts  says  were  not  there  lx»fore  the  earthquake. 

On  the  whole,  I  think  it  is  fair  to  say  that  the  post-office  was  sub- 
jected to  an  extraordinarily  severe  test.  About  half  of  the  chimneys 
were  thrown  down.  One  of  them  either  rocked  on  its  base  or  was 
thrown  ui)ward  far  enough  to  causi*  the  counterflashing,  which  lapped 
the  flashing  alK)ut  JJ  inches,  to  clear  the  flashing  and  come  down  inside 
of  it.  The  chimney  remained  upright,  but  with  a  slight  horizontal 
displacement.  In  the  exterior  walls  a  good  many  stones  were  started 
from  their  l)eds,  and  some  were  cracked.  Two  or  three  fell  from  the 
wall.  At  least  one  anchor  was  exposed,  and  it  had  %  been  broken. 
Wiether  the  steel  work  was  damaged  or  not  could  not  l>e  determined, 
as  it  wjjs  not  sufficiently  exi)osed.  The  damage  to  the  exterior  walls  is 
fairly  well  shown  in  Pis.  XLIII,  ^1,  and  XLIV. 

PI.  XLIII,  A^  shows  damage  on  the  southwest  side  of  the  west 
corner  of  the  building;  the  surface  of  the  window  reveal  and  the 
adjacent  return  of  the  upper  molding  on  the  sill,  at  the  i)oint  indi- 
cated by  the  arrow,  were  separated  at  least  three- fourths  of  an  inch, 
yet  during  the  earthquake  they  were  jostled  together  with  sufficient 
force  to  abrade  the  reveal  and  si)all  the  sill.  That  this  effect  should 
have  taken  place  without  shattering  all  the  masonry  around  the  win- 
dow opening  is  one  of  the  many  inexplicable  phenomena  that  seem 
characteristic  of  earthquakes. 

The  two  sides  of  the  pavilion  on  the  Mission  street  side  at  the 
east  corner  showed  cracks  in  the  mrtsonry  and  a  disturbance  of  the 
sidewalk.  A  window  arch  on  the  northeast  front,  where  the  outer 
wall  of  the  mail-handling  room  adjoins  the  main  building,  was 
damaged  (PI.  XLIV,  B),  The  building  is  U-shaped  in  plan,  the 
mail-handling  room  being  in  the  court  and  closed  in  on  the  northeast 
by  a  wall.  This  wall  was  seriously  shaken  and  was  shored  up  at 
the  time  of  my  inspection. 

With  the  exception  of  one  window  at  the  north  corner,  the  exterior 
masonry  of  the  building  practically  escaped  damage  from  the  fire. 
According  to  Mr.  Roberts,  the  damage  on  the  northwest  front  was 
somewhat  increased  after  the  fire  as  a  result  of  the  demolition  of 
some  neighboring  walls  by  dynamite  because  of  their  dangerous 
condition. 

On  the  interior  some  of  the  marble  slabs  used  for  dadoes  and  wall 
coverings  were  shaken  off  by  the  earthquake,  and  some  marble  col- 
umns used  in  connection  with  ornamental  mantels  and  doorways  were 
thrown  down.  ^'' 
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A  gi'eat  many  marble  slabs  were  thrown  down  by  the  concussion 
due  to  the  dynamiting  of  dangerous  walls  at  Seventh  and  Market 
streets,  less  than  half  a  block  away.  The  damage  to  marble  finish 
from  this  cause  was  much  greater  than  that  due  to  the  earthquake. 
Although  the  slabs  brought  down  by  the  dynamite  may  have  been 
loosened  by  the  earthquake,  they  could  have  lx»en  taken  down  and 
reset  if  the  dynamite  had  not  caused  their  total  loss.  In  one  sense 
much  of  the  loss  was  irreparable,  for  adjacent  slabs  were  beautifully 
matched  by  being  sawed  from  the  same  block  and  then  so  set  in 
groups  of  two  or  four  that  the  veining  was  symmetrical  about  the 
joints.  Where  one  slab  of  a  group  was  destroyed  the  only  way  to 
restore  the  finish  to  its  original  beauty  would  be  to  renew  the  whole 
group.  In  addition  to  injuring  the  marble  finish,  the  dynamite  did 
much  damage  by  blowing  windows,  transoms,  and  doors  from  their 
frames,  and  by  blowing  panels  out  of  doors  and  glass  out  of  windows. 
With  the  kind  of  woodwork  used  in  this  building  and  with  plate 
glass  in  all  the  windows,  this  item  of  damage  was  very  heavy. 
Debris  from  the  demolished  buildings,  also,  was  throw^n  across  the 
street  and  came  down  through  one  or  two  skylights  in  the  post-office 
building.  It  was  only  owing  to  good  luck  that  some  of  the  employees 
were  not  killed  or  seriously  injured.  As  it  w  as,  the  interiors  of  one  or 
two  expensively  finished  rooms  were  almost  wrecked.  All  the  items 
of  damage  which  Mr.  Roberts  ascribed  to  the  dynamite  were  of  the 
same  general  type  as  those  due  to  the  concussion  in  mortar  batteries,  etc. ' 
The  chief  engineer  of  the  building  stated  that  he  and  some  of  his 
subordinates,  although  down  in  the  basement,  were  thrown  to  the 
floor  by  the  force  of  one  of  the  dynamite  explosions,  and  that  the 
electric  lights  were  extinguished  for  several  seconds,  although  the 
engines  kept  running.  Probably  the  concussion  lifted  the  brushes 
from  the  commutators  of  the  generators.  It  seems  probable,  from 
what  evidence  I  was  able  to  gather,  that  at  first  the  dynamite  was 
used  in  rather  large  quantities  without  tamping;  but  later  it  was 
used  in  a  more  tentative  way  and  tamped  w ith  sand  bags.  By  this 
policy  those  in  charge  of  the  later  blasting  operations  finally  got 
the  work  down  to  a  system  whereby  a  wall  was  brought  down  witl\in 
a  distance  of  20  feet  from  the  base  on  either  side  without  any  dan- 
gerous hurling  of  debris  beyond  that  distance.  So  far  as  I  was 
able  to  learn,  after  the  work  had  reached  this  stage  no  one  noticed 
any  damage,  to  neighboring  structures,  and,  in  fact,  very  few  people 
were  aware  that  blasting  was  in  progress. 

Some  of  the  mosaic  ceilings  in  the  post-office  building  were  planted 
on  a  terra-cotta  base,  others  on  a  furring  of  metal  lathing  and  plas- 
ter.    The   former  were  seriously   damaged   l)y  the  earthquake,  but 
the  latter  remained  intact.     As  previously  stated,  the  interior  walls 
7171— Bull.  324—07 8 
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in  the  post-office  were  built  of  C-inch  terra-cotta  blocks,  with  webs 
nearly  1  inch  thick.  They  were  beautifully  built,  every  joint  being 
absolutely  filled  with  cement  mortar  that  was  much  harder  than 
the  tiles,  though  the  latter  were  of  exceptionally  good  quality.  None 
of  these  walls  were  thrown  down,  but  many  of  them  showed  the 
intersecting  diagonal  cracks  that  are  characteristic  of  earthquake 
action.  The  tiles  along  the  lines  of  the  cracks  were  so  badly  shat- 
tered that  many  of  them  will  have  to  come  out.  As  a  contrast, 
reference  is  made  to  PL  XLVI,  B^  showing  earthquake  damage  to 
good  brickwork.  In  the  tile  wall  the  same  cracks  appear,  but  the 
tiles  are  badly  shattered  for  some  distance  on  either  side.  In  addi- 
tion, in  much  of  the  flimsy  tile  work  in  the  commercial  buildings 
the  adhesion  of  the  mortar  in  the  entire  partition,  if  there  was  any, 
was  destroyed.  In  the  concrete  walls  at  Palo  Alto  a  few  cracks  ap- 
peared here  and  there  as  a  result  of  the  earthquake;  but  they  were 
even  sharper  and  narrower  than  the  crack  shown  in  PI.  XI^VI,  By 
and  there  was  no  shattering  effect  whatever. 

The  column  coverings  in  the  mail-handling  room,  described  above, 
were  absolutely  uninjured,  but  the  circular  brick  walls  around  the 
spiral  stairways  developed  many  rather  ugly  spiral  cracks.  Such 
cracks  were  very  conspicuous  also  in  circular  smokestacks,  where  the 
damaged  work  was  not  thrown  down  entirely. 

The  floor  construction  in  the  post-office  was  absolutely  undamaged 
by  the  earthquake.  This  was  one  building  where  "  cinder  concrete  " 
was  made  as  it  should  be — of  well-burned  clinker  only.  In  the  court 
room  which  burned  out  a  part  of  the  furred  ceiling  came  down,  ex- 
posing the  floor  slab  above.  It  may  not  have  received  a  very  severe 
test,'  for  when  work  is  done  as  well  as  it  was  in  this  building  even  a 
furred  ceiling  will  exhaust  the  fury  of  a  fairly  hot  fire.  Be  that  as  it 
may,  the  floor  slab  showed  no  signs  of  damage  whatever,  and  it  was 
the  only  case  I  saw  where  the  heat  had  evidently  reached  the  floor 
slab  without  leaving  some  degree  of  damage  behind.  The  fire  did 
not  get  through  the  G-inch  hollow-tile  walls  either,  and  it  took  off 
very  few  exposed  webs.  Here  again  it  is  })robable  that  the  plaster 
finish  w^as  so  well  done  that  it  prevented  the  tiles  from  getting  the  full 
effect  of  the  fire.  The  fire  was  stopped  at  the  entrance  to  another 
court  room,  where  there  was  a  double  wooden  door,  consisting  of 
one  door  on  each  side  of  the  partition.  Water  and  wet  blankets 
sufficed  to  stop  the  fire  at  this  point,  and  it  is  reasonable  to  suppose 
that  the  extra  resistance  of  a  second  door,  even  though  it  was  of 
wood,  was  a  material  factor  in  the  result.  From  a  purely  technical 
point  of  view  it  is  to  be  regretted  that  the  post-office  building  was  not 
more  seriously  involved  in  the  fire,  for  its  fireproofing  was  of  a  com- 
mercial type — in  its  best  possible  form,  however.  Such  a  test  would 
have  yielded  more  interesting  results  than  all  the  rest  of  San  Fran- 
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CISCO  combined.  It  is  my  personal  opinion  that  the  results  would 
have  indicated  to  private  owners  the  availability  of  a  desirable  form 
of  fire  insurance  at  moderate  cost  on  which  but  one  premium  would 
have  to  be  paid. 

The  post-office  building  was  so  carefully  and  intelligently  designed 
and  so  well  executed,  and,  all  things  considered,  gave  so  good  an 
account  of  itself,  that  it  seems  a  little  presumptuous  to  suggest 
wherein  it  coy  Id  l)e  made  better.  Yet  I  believe  that  if  the  granite 
had  been  solidly  backed  with  good  brickwork  and  even  more  heavily 
anchored  to  the  steel  frame,  if  the  frame  had  been  more  completely 
and  heavily  braced,  and  if  all  the  interior  partitions  had  been  of 
solid  brickwork,  the  structural  damage  would  have  been  much  less; 
and  even  the  greater  weight  on  the  foundations  might  have  been  an 
advantage  rather  than  otherwise.  Mr.  Roberts  estimates  the  total 
damage  as  about  $400,000.  Of  this  damage  more  than  one-fourth, 
much  of  which  was  caused  by  the  dynamite,  is  charged  to  marble 
finish  and  plate  glass.     The  cost  of  the  building  was  about  $2,500,000. 

RIALTO   BUILDING. 

The  Rialto  Building  was  a  steel-frame  structure,  with  expanded- 
metal  and  cinder-concrete  slabs,  expanded-metal  and  plaster  column 
covering,  and  furred  expanded-metal  ceiling.  It  had  tw^o  main  wings, 
in  each  of  which  it  is  said  attempts  were  made  to  dynamite  the  build- 
ing, the  explosions  causing  the  collapse  of  a  portion  of  the  interior 
structural  work.  A  hole  in  the  roof  w^as  produced  by  the  same  cause. 
Ph  XL VIII,  5,  a  view  of  the  southeast  corner  of  the  building,  shows 
a  portion  of  this  damage  at  close  range,  and  is  submitted  to  show  the 
effect  of  dynamite  on  a  steel- frame  building. 

The  fact  that  the  l)uilding  was  dynamited  makes  it  impossible  to 
draw  any  useful  conclusions  as  to  its  fire-resisting  qualities;  but  there 
seems  to  have  been  only  a  moderately  hot  fire  in  this  building,  and  the 
fireproofing,  while  seriously  damaged,  was  not  a  total  failure  as  a 
result  of  the  fire  alone.  The  north  front  was  badly  racked  by  the 
earthquake,  resulting  in  many  cracks  in  the  walls.  The  south  front 
of  this  building  was  also  damaged  by  the  earthquake;  the  intersecting 
diagonal  cracks  in  the  walls  were  plainly  visible.  A  considerable 
amount  of  face  brickwork  was  thrown  off  on  this  front,  probably 
owing  to  the  fact  that  it  was  laid  without  bond. 

ST.    FRANCIS    IIOTFL. 

The  new  St.  Francis  Hotel,  which  had  Ix^en  occupied  but  a  short 
time,  had  a  sandstone  front  and  was  supported  by  columns  pro- 
tected with  cinder  concrete.  Tliesc*  columns  were  entirely  undam- 
aged, although  a  section  near  the  upper  end  of  each  column  which 
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had  apparently  been  covered  in  by  a  furred  beam,  or  other  archi- 
tectural feature,  since  destroyed,  was  entirely  devoid  of  protective 
covering.  A  great  many  people  in  San  Francisco  regarded  the 
behavior  of  these  columns  as  a  substantial  recommendatioji  of  cinder 
concrete,  but  the  whole  building  bears  evidence  of  having  been  sub- 
jected to  only  a  moderate  heat. 

SIIKEVK    ni  ILDINCi. 

• 
The  columns  in  the  first  and  second  stories  of  the  Shreve  Building 
were  covered  with  cinder  concrete;  those  in  the  upi>er  stories  with 
hollow  tiles.  All  the  evidence  in  this  building  points  to  a  moderate 
heat.  The  plastering  on  the  columns  was  not  seriously  damaged, 
and  such  plastering  never  stands  an  intense  heat.  The  hollow  tiles 
on  the  columns  came  off  very  generally,  but  it  is  probable  that  the 
heat  was  more  intense  in  the  upper  portion  of  the  building  than  in 
the  lower  portion.  This  theory  is  supported  by  the  fact  that  the 
damage  to  the  masonry  adjacent  to  the  windows  was  most  severe  in 
the  upper  stories. 

This  building,  like  the  St.  Francis  Hotel,  is  cited  as  an  example 
of  the  excellent  behavior  of  cinder  concrete  as  a  column  covering, 
but  in  this  case  also  there  is  every  reason  to  believe  that  the  con- 
crete did  not  receive  a  severe  test.  The  only  cinder-concrete  cover- 
ing I  saw  that  had  evidently  received  an  extreme  test  was  in  the 
basement  of  the  Aronson  Building,  as  described  on  page  79. 

SU)ANE    Bl^IUHNG. 

The  mercantile  structure  known  as  the  SJoane  Building,  at  114 
Post  street,  had  cast-iron  cohnnns,  protected  with  expanded  metal 
and  plaster.  The  floor  slabs  were  of  expanded  metal  and  cinder 
concrete.  The  basement  of  this  building  w^as  subjected  to  an  ex- 
tremely fierce  heat.  At  least  six  or  eight  of  the  columns  had  their 
covering  destroyed,  and  the  columns  themselves  either  buckled  or 
failed  to  such  an  extent  that  a  large  portion  of  the  framework  above 
was  knocked  down  afterwards  as  a  matter  of  safety.  In  the  rear 
of  the  basement  two  rows  of  columns  across  the  entire  width  of 
the  building  had  practically  all  failed  in  the  same  way,  but  the 
debris  was  piled  around  them  to  such  an  extent  that  views  could 
not  be  obtained. 

SPRING    VALl.EY    WATER    COMPANY'S    Bl  ILUING. 

The  Spring  Valley  Water  Company's  Building,  at  Post  and  Geary 
streets,  was  used  for  office  purposes  in  the  upper  stories  and  for  mer- 
cantile purposes  in  the  first  and  second  stories.  The  southeast  corner 
had  totally  collapsed  (PI.  L,  .1),  apparently  from  the  failure  of  the 
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basement  or  first-story  columns  under  the  action  of  the  heat.  PL 
XLV,  -4,  is  a  view  taken  in  the  first  story  of  this  building,  which  had 
been  occupied  by  the  City  of  Paris  Dry  Goods  Company.  This  view 
is  submitted  as  illastrating  a  typical  but  rather  bad  example  of  the 
loss  of  lower  webs  from  hollow-tile  floor  arches.  The  column  cover- 
ings shown  in  the  view  had  suffered  about  as  little  as  any  others. 
The  coverings  of  other  columns  in  the  same  building  were  practically 
destroyed,  as  were  also  the  partitions.  The  same  sort  of  damage  as 
that  shown  in  PI.  XLV,  ^4,  was  plainly  visible  in  some  of  the  upper 
stories  of  this  building,  especially  the  second  story. 

A  stairway  carried  on  unprotected  cast-iron  strings  was  destroyed 
by  the  heat  in  this  building.  The  same  thing  occurred  in  a  number 
of  other  buildings  in  San  Francisco,  even  where  the  stairways  had 
l)een  walled  off  by  hollows-tile  partitions  or  by  partitions  made  of 
light  studs,  metal  lathing,  and  plaster.  It  has  generally  been  con- 
sidered— in  commercial  work,  at  any  rate — unnecessary  to  protect  a 
stairway  carried  on  cast-iron  strings,  but  the  San  Francisco  fire 
showed  that  some  form  of  protection  is  very  essential.  Where  the 
inclosing  partitions  did  not  fail,  the  stairways  were  of  course  not 
seriously  damaged,  but  as  a  matter  of  fact  the  partitions  failed 
almost  everywhere  in  San  Francisco. 

UNION    FERRY    UUILDINO. 

The  Union  Ferry  Building  (PI.  XLVI,  .4)  is  a  large  structure — 
practically  of  monumental  proportions — which  forms  the  terminus  of 
all  the  ferry  lines  plying  between  San  Francisco  and  various  other 
points  on  the  bay.  It  is  built  on  piles,  with  heavy  stone  walls,  backed 
with  brickwork.  The  stone  is  the  grayish-green  sandstone  elsewhere 
described.  The  floor  construction  consists  of  steel  beams  and  girders, 
with  stone-concrete  shibs  reenforced  with  expanded  metal.  The  lower 
flanges  or  girders  and  beams  ^vere  not  protected.  Near  the  center  of 
the  west  front  a  high  tower  rises  to  a  considerable  distance  above  the 
building.  The  fire  did  not  gain  entrance,  but  the  building  was  very 
seriously  racked  and  damaged  by  the  earthquake.  The  damage  was 
not  at  all  of  a  fatal  nature,  however,  and  the  building  was  kept  in 
practically  continuous  operation  as  a  ferry  terminus.  The  tower, 
which  was  built  with  a  braced  steel  frame,  inclosed  to  a  height  of 
several  stories  with  a  heavy  wall  composed  of  sandstone  backed  with 
brick,  and  closed  in  with  wood  and  sheet  metal  above  the  masonry 
part,  was  so  badly  damaged  that  the  masonry  w^alls  were  being 
removed  at  the  time  of  my  inspection.  To  judge  by  the  effects  on  this 
tower,  the  greatest  intensity  of  the  earthquake  vibration  must  have 
been  from  northwest  to  southeast.    The  bracing  was  badly  strained, 
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and  in  this  case  there  can  be  no  question  that  the  effect  was  entirely 
due  to  the  earthquake.  The  masonry  in  the  tower  was  of  an  admira- 
ble quality. 

In  PI.  XLVI,  i5,  is  shown  a  crack  in  the  bijick  masonry  on  the 
inside  of  the  tower,  together  with  a  part  of  a  diagonal  tie-rod  which 
had  been  stretched  beyond  the  elastic  limit  and  was  hanging  with  a 
noticeable  sag.  It  will  be  noted  that  the  brickwork  was  well  bonded 
and  that  the  joints  were  well  filled.  The  mortar  was  much  harder 
than  the  bricks,  but  both  were  of  good  quality.  It  is  also  evident 
from  this  view  that  there  was  no  general  shattering  of  the  entire 
mass;  there  was  a  well-defined  crack,  but  nothing  else. 

At  the  northwest  corner  of  the  tower,  about  halfway  from  the  roof 
of  the  main  building  to  the  top  of  the  masonry  walls  of  the  tower,  a 
diagonal  tie-rod  had  been  fastened  to  the  wall  girder  by  means  of  a 
gusset  plate,  with  eight  rivets  in  it.  Seven  of  these  rivets  were 
sheared  under  the  action  of  the  earthquake,  leaving  the  plate  hanging 
by  the  eighth  rivet  at  the  time  I  saw  it  (PI.  XLVII,  B). 

One  detail  of  the  bracing  in  the  ferry-building  tower,  of  which 
a  satisfactory  photograph  could  not  l>e  procured,  was  as  follows: 
The  wall  girders  at  the  different  floor  levels  were  utilized  for  the 
wind  struts  of  the  bracing.  In  the  lower  part  of  the  tower  the  diag- 
onal tie-rods  were  fastened  directly  to  the  wind  struts.  The  ends 
of  the  wind  struts  rested  l^etween  upper  and  lower  seats  attached 
to  the  columns,  and  were,  as  a  rule,  bolted  to  each  of  those  seats 
with  nothing  but  two  J-inch  bolts,  the  idea  evidently  being  that,  as 
the  struts  resisted  compression  only,  it  was  not  necessary  to  fasten 
them  to  the  columns  with  anything  designed  to  resist  any  consid- 
erable force  tending  to  separate  them  from  the  column.  The  upp^r 
seat  was  evidently  designed  to  take  the  vertical  component  of  the 
stress  in  the  diagonal,  and  the  lower  seat  to  tal<e  this  load  in  addi- 
tion to  the  ordinary  load  which  the  wind  strut  transmitted  to  it  in 
its  capacity  as  a  girder.  The  bolts  fastening  the  ends  of  several  of 
the  wind  struts  to  their  seats  had  been  sheared,  and  the  struts  had 
almost  slipped  out  from  between  the  seats. 

In  the  upper  part  of  the  tower  a  different  method  was  adopted, 
the  diagonal  tie-rods  being  fastened  to  bent  plates  that  passed  around 
the  outside  of  the  columns  opposite  the  ends  of  the  wind  struts.  No 
shearing  of  the  bolts  or  slipping  of  the  struts  was  noticeable  at  these 
points.  It  is  plainly  apparent  that  ordinary  assumptions  made  in  de- 
signing wind  struts  will  not  apply  when  it  is  desired  that  the  bracing 
shall  resist  earthquakes.  There  is  evidently  a  tendency  for  the  col- 
umns at  the  ends  of  a  wind  strut  to  buckle  outward,  and  thereby  also 
a  tendency  to  pull  the  strut  out  from  between  its  seats.  In  fasten- 
ing bracing  to  resist  earthquake  shock,  therefore,  the  struts  should 
be  fastened  to  the  columns  at  their  ends  much  more  securely  than 
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is  ordinarily  done.  In  fact,  if  the  diagonal  is  to  be  fastened  directly 
to  the  wind  strut,  there  should  be  a  connection  between  the  strut  and 
the  column  capable  of  taking  up  the  horizontal  component  of  the 
stress  in  the  diagonals.  Knee  braces,  such  as  those  used  in  the  Call 
Building,  possess  a  manifest  superiority  over  ordinary  bracket  seats 
in  construction  of  this  sort.  An  examination  of  the  condition  of  the 
bracing  in  the  ferry-building  tower  can  leave  no  doubt  whatever 
that  the  tower  was  just  on  the  point  of  total  collapse.  Conditions 
were  so  bad  that  the  superintendent  of  the  contracting  firm  that 
was  taking  the  masonry  down  evidently  felt  a  little  uneasy  about 
what  would  happen  when  the  masonry  covering  was  removed  from 
the  portion  of  the  steel  work  where  the  bracing  was  most  seriously 
damaged.  He  was  proceeding  with  great  judgment  and  caution, 
however,  and  no  doubt  succeeded  not  only  in  removing  the  damaged 
masonry  with  safety,  but  in  so  tying  together  the  steel  work  as  to 
avoid  all  danger  of  collapse. 

A  part  of  the  masonry  in  the  east  front  of  the  tower  was  precipi- 
tated from  its  position  (PI.  XL VI,  .1)  and  fell  through  the  sky- 
light and  onto  the  floor  of  the  corridor  in  the  upper  story  of  the 
main  building.  This  floor  consisted  of  stone  concrete,  reenforced 
with  expanded  metal,  and  carried  by  steel  beams  with  spans  appar- 
ently of  7  or  8  feet.  The  contractor's  superintendent,  already  men- 
tioned, told  me  that  he  thought  the  amount  of  masonry  so  precipi- 
tated on  this  floor  amounted  to  30  or  40  tons.  It  punched  in  the 
floor  one  small  hole  not  much  larger  than  a  man's  fist,  but  nothing  of 
any  size  got  through.  It  is  doubtful  whether  any  form  of  floor 
arch  or  slab  except  reenforced  concrete  and  possibly  solid  brick 
would  have  stood  this  test  so  successfully.  Certainly  no  hollow-tile 
floor  such  as  those  in  ordinary  use  would  have  stood  it  for  a  moment; 
the  falling  mass  would  have  gone  on  through  to  the  ground. 

Along  the  west  front  of  the  ferry  building,  about  halfway  up  the 
second-story  window  piers,  most  of  the  stonework  had  slipped  about 
an  inch.  Some  of  the  first-story  piers  were  so  badly  shattered  by  the 
earthquake  that  they  had  to  be  lx)xed  in  to  prevent  the  loose  stone 
from  falling.  There  were  in  the  floor  construction  of  the  tower  and 
of  the  building  proper  a  few  cracks  which  I  thought  might  be  due 
to  the  earthquake,  although  it  is  possible  that  they  may  have  been 
shrinkage  cracks.  I  was  not  able  to  get  any  convincing  testimony 
on  this  point,  but  I  have  seen  a  good  many  shrinkage  cracks  and  am 
of  the  opinion  that  most  of  these  cracks  were  due  to  the  earthquake 
and  not  lo  shrinkage.  On  the  whole,  the  ferry  building  stood  the 
shock  remarkably  well.  It  would  seem  to  be  the  part  of  wisdom, 
however,  to  tear  the  tower  down  altogether  and  not  to  rebuild  it. 
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UNION    TRUST    COMPANY'S    lUJIUHNCJ. 

The  ordinary  steel-frame  Union  Trust  Building,  with  terra-cotta 
fireproofing,  came  through  the  earthquake  in  about  the  same  condi- 
tion as  the  average  fireproof  building  in  Baltimore  after  the  fire. 
From  the  exterior  it  presented  the  appearance  of  having  stood  the 
ordeal  about  as  well  as  any  other  building  in  San  Francisco  that 
was  completely  gutted.  The  damage,  however,  was  probably  at 
least  as  great  as  that  suffered  by  such  buildings  as  the  Continental 
Trust  in  Baltimore.  Lower  webs  were  off  in  many  places,  and 
column  and  girder  coverings  were  damaged  to  a  considerable  extent 
(Pl.L,fi). 

MISCELLANEOUS    STRUCTURES. 
GENERAL  DISOXTSSION. 

A  number  of  buildings  of  fire-resistant  construction  in  San  Fran- 
cisco, such  as  the  Mutual  Savings  Bank,  the  Hibernia  Bank  (see  PI. 
XXXVII,  .1),  and  several  others,  have  not  been  specifically  men- 
tioned in  this  report,  but  they  presented  nothing  of  more  than  ordi- 
nary interest.  Detailed  descriptions  have  been  given  of  at  least 
one  example  of  everything  that  was  typical,  and  practically  every- 
thing described  in  detail  was  typical  of  many  other  cases  of  the 
same  general  class. 

I  A  building  at  First  and  Natoma  streets  had  naked  cast-iron 
columns,  steel  girders,  reen  forced -concrete  beams  from  girder  to 
girder,  and  reen  forced-concrete  slabs  from  beam  to  beam.  The 
reenforcement  of  the  concrete  beams  consisted  of  plain  round  rods 
passing  through  the  webs  of  the  girders  and  fastened  with  nuts  in 
the  same  way  as  tie-rods.  The  aggregate  of  the  concrete,  in  the 
beams  at  least,  seems  to  have  l)een  of  stone.  Some  of  the  slabs  looked 
as  if  some  cinders  had  been  used  in  them,  but  this  appearance  may 
have  been  due  to  damage  by  the  fire.  At  any  rate  the  concrete  was 
very  badly  damaged,  as  will  Ije  seen  in  some  of  the  rear  bays  of  the 
upper  floor.  Where  the  deflection  was  worst  there  may  have  been 
something  precipitated  upon  the  floor,  but  even  at  other  points  con- 
siderable deflection  was  apparent,  together  with  serious  damage  to 
the  concrete.  It  was  evident,  from  the  beams  hanging  down  in  the 
front,  that  in  erecting  this  building  the  forms  for  the  beams  were 
filled  first  and  the  slabs  were  put  on  afterwards,  so  that  there  was 
no  adequate  bond  between  the  beams  and  the  slabs.  The  reenforce- 
ment of  the  slabs  in  this  building  was  a  very  light  twisted-wire  mesh, 
and  the  only  wonder  is  that  it  held  as  well  as  it  did.  The  remains 
of  a  furred  wire-lath  ceiling  were  visible,  and  the  failure  of  this 
ceiling  is  typical  of  what  occurred  in  many  other  buildings. 
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It  will  be  noted  that  there  was  no  reen  forced -concrete  construction, 
pure  and  simple,  in  San  Francisco.  The  warehouse  of  the  Bekins 
Van  and  Storage  Company  (PI.  XXVII,  A)^  in  process  of  construc- 
tion, had  reenforced-concrete  columns  and  floor  construction  and 
brick  walls.  The  walls  were  badly  damaged  by  the  earthquake,  but 
the  reenforced  concrete  was  absolutely  uninjured.  This  building, 
however,  was  unfinished,  and  the  lower  portion  of  it  was  not  sub- 
jected to  the  stresses  which  would  have  resulted  had  it  been  com- 
plete, with  all  its  contents.  In  that  case  the  energy  due  to  the 
vibration  of  the  greater  superincumbent  mass  might  have  produced 
eflfects  which  were  not  produced  in  its  unfinished  condition.    ' 

One-half  of  the  circular  observatory  on  Strawberry  Hill,  in  Golden 
Gate  Park  (PI.  XXIII,  A)^  was  thrown  down  by  the  earthquake. 
I  did  not  make  a  personal  examination  of  it,  except  from  a  distance, 
but  was  informed  that  it  had  \)eeu  reenforced  with  heavy  iron  rods 
bedded  in  the  masonry.  It  was  reported  to  me  that  these  rods  were 
broken  at  the  point  where  the  collapsed  portion  had  separated  from 
the  part  still  standing.  The  general  effect  of  the  earthquake  on 
hollow  circular  structures  of  all  sorts  seems  to  have  been  a  tendency 
to  increase  their  diameter.  Where  this  tendency  was  very  marked, 
it  naturally  caused  their  collapse. 

Practically  all  the  other  photographs  submitted  and  not  spe- 
cifically referred  to  in  the  foregoing  pages  were  taken  with  a  view 
of  showing  earthquake  damage.  The  tower  of  the  church  next  to 
the  old  ilission  Dolores  was  dangerously  near  being  thrown  down, 
and  had  to  l)e  pulled  down  later,  as  shown  in  PI.  XXIII,  B.  PI. 
XXXVII,  B^  is  a  view  of  a  brewery  which  had  been  four  stories 
high,  with  a  tower  at  the  corner  extending  to  a  considerably  greater 
height  than  the  building.  The  damage  was  due  to  earthquake  alone. 
PI.  XXI,  A  J  shows  a  case  of  earthquake  damage  pure  and  simple. 
It  will  Ije  observed  that  the  face  bricks  were  not  bonded,  and  were 
thrown  down  in  large  quantities.  None  of  the  brickwork  in  this 
building  seems  to  have  been  of  a  very  good  quality. 

An  old-fashioned  brick  building  of  ordinary  construction  near 
Fort  Mason  appeared  to  have  survived  the  earthquake  absolutely 
undamaged.  This  example  indicates  the  variation  in  the  intensity 
of  the  earthquake  within  relatively  short  distances. 

PI.  XXXIII,  .1,  shows  a  building,  known  as  the  Butler  Building, 
which  was  partially  completed  at  the  time  of  the  earthquake.  When 
I  first  saw  it  the  side  wall,  which  appears  in  the  illustration  as 
nearly  torn  down,  was  standing  at  about  the  same  height  as  the  front 
wall  (shown  at  the  right  side  of  the  picture).  This  side  wall  had  a 
few  earthquake  cracks  in  it  which  were  plainly  visible,  but  it  was 
a  matter  of  surprise  to  see,  a  few  days  later,  that  the  wall  had  been 
practically  torn  down;  for  if  this  wall  was  damaged  sufficiently  to 
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justify  its  destruction,  a  great  manv  walls  of  other  steel-frame  build- 
ings ought  to  have  come  down  also.  This  building  was  of  the 
ordinary  steel-frame  type,  without  any  bracing.  The  walls  were 
very  light,  and  on  the  principal  fronts  they  were  pretty  well  shaken 
to  pieces.  A  superficial  examination  indicated  that  they  were  much 
more  seriously  damaged  than  the  side  wall  which  had  bt^n  torn 
down.  This  building  appears  in  the  background  of  the  view  of  the 
Dewey  monument  (PL  XXX,  A).  At  the  time  this  view  was  taken 
a  considerable  amount  of  the  masonry  in  the  front  wall  had  been 
removed,  but  there  was  still  a  great  deal  which,  in  my  judgment,  was 
too  badly  damaged  to  be  safely  left. 

PL  LV  is  a  panorama  taken  from  Pine  and  Powell  streets.  The 
building  on  the  left  side  of  the  street  at  the  left  is. the  Merchants' 
Exchange.  To  the  right,  just  behind  the  high  ground  and  tree^,  is 
the  Mills  Building,  and  farther  to  the  right  is  the  Union  Trust 
Building.  The  other  buildings  will  probably  Ix*  recognized  by  i^er- 
sons  who  are  more  or  less  familiar  with  the  city;  the  names  of  the 
chief  ones  are  given  on  the  plate.  It  will  be  observed  that  this 
panorama  covers  an  arc  of  nearly  180°.  The  Twin  Peaks  appear 
some  distance  to  the  right  of  the  city  hall. 

'      ORDIKART  BTJILDIVOS  AKD  RESISBKOSS. 

The  effect  of  the  earthquake  on  miscellaneous  buildings  of  the 
cheaper  class  was  more  or  less  interesting.  There  were  a  number  of 
brick  dwellings  in  San  Francisco  faced  with  arch  bricks  laid  in 
Flemish  bond.  The^e  bricks,  of  course,  are  considerably  harder  and 
stronger  than  ordinary  red  bricks.  Though  they  make  a  very  rough 
wall,  it  is  interesting  and  attractive,  like  the  old  colonial  brickwork 
in  the  East.  Apparently  these  houses  were  very  strong.  Wiether 
it  was  good  luck  in  all  cases,  or  whether  this  brickwork  really  was 
much  superior  to  the  average  brickwork  used  in  San  Francisco,  I 
saw  not  a  single  example  of  earthquake  damage  to  any  house  built  in 
this  way.  I  noticed  eight  or  ten  of  these  dwellings,  and  not  one  of 
them  was  damaged.  The  same  fact  had  bi^en  noticed  by  the  enlisted 
man  who  accompanied  me  as  a  photographer.  lie  apparently  had 
seen  a  greater  number  of  buildings  of  this  kind  of  brickwork  than  I 
had,  and  he  stated  that  not  one  of  them  seemed  to  have  suffered  any 
injury,  although,  in  many  cases,  their  neighbors  had  been  seriously 
damaged. 

A  considerable  number  of  frame  buildings  had  practically  col- 
lapsed under  the  earthquake;  some  of  them  were  thrown  bodily  from 
their  foundations.  Plaster  was  generally  shaken  loose  from  wooden 
lathing,  but,  so  far  as  I  saw,  none  that  was  applied  to  good  metallic 
lathing,  such  as  heavy  wire  lath  or  expanded  metal,  had  been  shaken 
down. 
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As  a  result  of  my  observations,  I  am  inclined  to  think  that  a 
building  of  the  following  type  would  be  very  desirable  for  residential 
purposes  in  an  earthquake  country : 

The  frame  should  be  of  timber,  rather  heavy  and  thoroughly 
braced,  with  all  the  vertical  members  continuous  from  bottom  to  top, 
or  else  thoroughly  spliced.  The  horizontal  members  should  be  made 
as  nearly  continuous  as  possible — preferably  by  full  splices.  Hori- 
zontal and  vertical  members  should  also  be  fastened  together  as 
rigidly  as  possible,  diagonal  braces  being  used  wherever  conditions 
will  permit.  The  frame  should  be  covered  on  the  outside  with 
expanded  metal  and  this  metal  plastered  on  both  sides,  a  good  deal 
of  cement  being  used  in  the  plaster.  The  exterior  can  be  finished  in 
stucco  or  pebble  dash,  as  desired.  The  interior  of  the  frame  should 
l)e  covered  with  expanded-metal  lathing  and  the  ordinary  interior 
plaster-finish  put  on.  The  ceilings  also  should  be  finished  with 
expanded  metal  and  plaster.  In  my  judgment,  a  building  of  this 
sort  could  be  put  up  for  very  little  more  than  the  cost  of  an  ordinary 
frame  dwelling,  and  would  not  only  come  through  an  earthquake 
much  better,  but  would  be  very  much  more  difficult  to  set  on  fire  and 
would  bum  much  more  slowly  after  it  was  on  fire. 

CHIXKETS. 

Chimneys  seemed  to  be  shaken  dow^n  by  the  earthquake  every- 
where; even  where  there  was  no  other  damage  this  result  was  almost 
universal.  The  chimneys,  as  a  rule,  were  built  of  bricks  laid  in  lime 
mortar,  and  generally  broke  off  at  the  point  where  they  came  througli 
the  roof.  Reen  forced -concrete  chimneys  with  a  terra-cotta  lining 
would  be  very  little  more  expensive  than  the  kind  that  were  ordi- 
narily used  in  San  Francisco,  and  would  have  suffered  very  much 
less  damage.  If  any  chimney  projects  a  considerable  distance  above 
the  roof,  it  would  Ije  advisable  to  brace  it  near  its  upper  end  to  the 
roof  in  some  way,  so  that  it  would  not  be  free  to  vibrate.  It  seems 
probable  that  this  plan  might  have  saved  some  of  the  chimneys  that 
failed.  Appearances  seemed  also  to  warrant  the  conclusion  that  in 
the  vibration  some  chinuieys  were  brought  up  short  against  the  roof 
framing  and  thus  caused  to  break  off  at  this  point.  If  there  had 
been  a  little  more  room  for  relative  vibration  l>etween  the  chimney 
and  the  framing,  it  seems  possible  that  some  of  these  chimneys  would 
not  have  fallen.  The  best  way  to  prevent  such  damage  is  to  build 
the  chimneys  of  reenforced  concrete  or  of  some  other  material  that 
has  both  rigidity  and  great  tensile  strength.  Such  chimneys  would 
not  ordinarily  break  off,  even  though  they  jostled  against  the  roof 
timbers. 
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BRICK  SMOKESTACKS. 

There  were  a  great  many  brick  smokestacks  in  San  Francisco, 
nearly  all  of  which  suffered  more  or  less  damage.  For  some  reason 
circular  stacks  seemed  to  suffer  more  than  square  ones,  but  the  num- 
ber of  square  stacks  in  evidence  was  not  sufficient  to  justify  general 
conclusions. 

The  views  of  brick  stacks  speak  for  themselves  to  a  great  extent. 
The  stack  of  the  Valencia  street  power  station  (PI.  LIII,  .4)  was  of 
some  interest  because  of  its  peculiar  cross  section — an  eight-pointed 
star.  At  the  vertices  of  two  diametrically  opposite  reentrant  angles 
the  stack  was  split  practically  from  top  to  bottom.  The  ruins  of  a 
circular  stack,  situated  near  San  Jose,  are  shown  in  PI.  XIII,  A. 

CONDITIONS    OUTSIDE    OF    SAN    FRANCISCO. 
OAKLAND. 

I  made  one  trip  to  Oakland  and  went  through  the  greater  part  of 
the  town.  A  good  many  chimneys  had  been  shaken  down  and  the 
front  walls  of  a  numl)er  of  ordinary  brick  buildings  had  been  pre- 
cipitated into  the  street.  Several  steel-frame  buildings  faced  with 
sandstone  were  badly  racked,  and  in  places  some  of  the  stone  had 
been  shaken  into  the  street.  Some  of  the  steel-frame  buildings 
showed  the  same  kind  of  damage  as  the  Monadnock  and  new  Chroni- 
cle buildings  in  San  Francisco.  The  damage  in  Oakland  in  general 
was  not  different  in  type  from  that  in  San  Francisco,  but  it  was 
much  less  extensive,  and  individual  cases  wore,  as  a  rule,  much  less 
marked. 

PALO    ALTO. 

I  visited  Palo  Alto,  and  through  the  courtesy  of  President  Jordan, 
of  the  Inland  Stanford  Junior  University,  was  enabled  to  make  a 
satisfactory  examination  of  the  damaged  buildings  at  the  university. 
These  buildings  represented  in  a  general  way  three  different  types. 
Among  them  were  some  old  buildings  faced  with  yellow  sandstone, 
which  had  been  built  in  the  early  days  by  hired  labor,  under  the 
supervision  of  Governor  Stanford  himself.  All  the  sandstone  used 
at  the  university  was  of  a  light  yellow-buff  color,  rather  soft,  and 
apparently  not  very  strong.  In  these  older  buildings,  however,  the 
cut  stone  had  good  wide  beds,  was  carefully  laid,  was  well  bonded  to 
the  backings  and  was  solidly  backed  up  with  brickwork.  These 
buildings  were  damaged  seriously,  but  by  no  means  beyond  repair. 

In  addition  to  these  older  buildings  there  were  some  newer  ones  of 
the  same  general  design,  but  the  sandstone  facing  was  thinner  and 
the  beds  not  so  well  cut  nor  so  wide.    The  backing  was  not  so  good. 
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Much  of  it  consisted  of  rubble  made  of  very  small  pieces  of  stone, 
apparently  gathered  up  where  stonecutters  had  been  working. 
Many  of  these  spalls  were  not  larger  than  a  man's  fist,  and  in  places 
4  or  5  square  feet  of  the  wall  was  entirely  backed  up  with  this  mate- 
rial. The  bonding  of  the  stone  facing  to  the  backing  seemed  to  be 
less  thorough  in  the  new  buildings  than  in  the  old.  In  short,  the 
newer  buildings  conformed  rather  to  the  modern  commercial  stand- 
ard of  building  construction;  the  old  ones  approached  the  monu- 
mental. The  newer  buildings  suffered  materially  more  than  the  old. 
They  were  not,  however,  of  a  type  that  w  ould  indicate  culpable  negli- 
gence or  incapacity  on  the  part  of  anyone  connected  with  their  design 
and  erection,  although  they  were  distinctly  inferior  in  type  to  the 
older  buildings.  The  mortar  used  was  not  by  any  means  poor.  It 
seems  to  have  been  lime  mortar  gaged  with  cement.  I  tried  it  at  a 
number  of  points  where  the  buildings  had  suffered  very  severely,  and 
it  was  distinctly  better  than  the  average  mortar  found  in  ordinary 
commercial  work,  although  not  as  good  as  straight  cement  mortar 
would  have  been. 

The  buildings  of  the  third  class  at  Stanford  University  were  built 
of  concrete.  The  girls'  dormitory  had  concrete  walls  and  timl>er 
interior  construction,  and  in  the  central  portion  of  the  Leland  Stan- 
ford Junior  Museum,  the  oldest  part  of  the  building,  the  walls  and 
interior  construction  were  of  reen forced  concrete.  There  were  two 
wings,  built  of  brickwork,  with  reen  forced -concrete  floor  construc- 
tion. It  is  reasonable  to  suppose  that  the  intensity  of  the  force  ap- 
plied to  this  building  by  the  earthquake  was  nearly  uniform  over  the 
entire  structure.  The  two  brick  wings  were  practically  shaken 
down,  suffering,  I  should  judge,  considerably  more  than  50  per  cent 
damage.  The  reenforced-concrete  central  portion,  viewed  from  the 
exterior,  seemed  absolutely  undamaged.  In  the  interior  a  few  cracks 
had  opened  up,  but  they  were  not  of  serious  consequence.  I  should 
judge  that  a  thousand  dollars  would  easily  cover  all  the  repairs  to  this 
part  of  the.  building.  Its  valuable  contents  were,  to  a  large  extent, 
thrown  to  the  floors  and  smashed,  involving  a  considerable  loss;  but 
the  structure  itself  suffered  almost  no  injury.  The  only  damage  to 
the  girls'  dormitory  was  caused  by  a  chimney  that  toppled  over  and 
crashed  down  through  the  roof,  doing  some  damage  on  the  inside. 
By  good  luck,  no  one  was  hurt  in  this  building.  The  concrete  wall 
showed  one  or  two  cracks,  which,  however,  were  said  to  be  shrinkage 
cracks  that  had  appeared  soon  after  the  building  was  finished.  The 
earthquake  apparently  had  caused  no  visible  damage  of  any  sort  in 
the  exterior  walls. 

It  was  noticed  that  those  buildings  which  had  completely  trussed 
roofs  suffered  much  less  than  those  in  which  the  walls  had  to  take 
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the  thrust  of  the  rafters.  This  result  was  naturally  to  be  expected, 
and  indicates  that  in  earthquake  countries  walls  should  not  be  sub- 
jected to  the  thrust  of  the  rafters  at  all.  The  damage  at  the  univer- 
sity also  indicated  clearly  the  necessity  of  thoroughly  tying  all  the 
wnlls  to  the  roof  construction,  gable  walls  as  well  as  others.  The 
university  post-office  building  was  said  to  be  of  reenforced  concrete 
and  undamaged.  Very  good  illustrations  of  the  damage  at  Stanford 
University  can  be  seen  in  the  Engineering  News  for  May  10,  1906, 
and  in  the  Engineering  Record  for  May  12,  1906.  (See  also  Pis. 
XIV,  A;  XV;  XVI ;  XVII,  B;  XVIII.)*  A  concrete-block  building 
in  the  town  of  Palo  Alto  was  totally  demolished. 

OTHER    TOWNS. 

Concrete-block  buildings  elsewhere  were  also  reported  as  totally 
destroyed.  The  various  structures  of  the  Southern  Pacific  Railroad 
along  the  coast  division  had  suffered  more  or  less  damage.  One  or 
two  stations  faced  with  a  sandstone  similar  to  that  used  at  the  Le- 
land  Stanford  Junior  University,  and  built  in  the  ordinary  style, 
had  been  very  seriously  damaged.  One  station,  which  seemed  to 
have  been  built  a  little  more  carefully  and  with  larger  stones  than  the 
rest,  was  in  very  much  better  condition  than  most  of  them.  The  city 
hall  at  Redwood  had  a  central  circular  tower,  with  a  dome  supported 
on  steel  work,  much  as  in  the  city  hall  at  San  Francisco  (PI. 
XXXI),  though  on  a  smaller  scale,  and  suffered  almost  exactly  the 
same  kind  and  degree  of  damage. 

I'ORTIFK  ATIONS. 

I  visited  the  old  brick  fort  at  the  Presidio  and  also  most  of  the 
batteries  along  the  face  of  the  cliff.  There  were  a  few^  cracks  in  the 
old  brick  fort,  but  nothing  to  indicate  that  they  might  not  have 
been  due  to  settling  as  well  as  to  earthquake.  An  inspection  of  the 
new  emplacements  from  the  exterior  showed  no  visible  signs  of 
damage  whatever.  As  reports  on  these  matters  are  made  by  officers 
especially  in  charge  of  the  work,  I  did  not  attempt  to  make  a  detailed 
inspection  of  the  fortifications. 

RESERVOIRS,  PIPE  LINES,  AND  OTHER  STRUCTURES  ALONG  THE  FAULT  LINE. 

The  following  details  were  derived  from  a  perusal  of  the  report  by 
Professors  Marx  and  Wing,  already  mentioned  (p.  63). 

The  Spring  Valley  Water  Company  had  among  its  reservoirs  two 
known  as  Crystal  Springs  Lake  and  San  Andreas  Lake.  The  line 
of  the  fault  that  caused  the  earthquake  is  said  to  run  directly  through 
both  of  these  reservoirs.  Crystal  Springs  Lake  has  a  large  and  high 
concrete  dam;    it  is  also  subdivided  by  an  old  earth  dam  that  was 
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formerly  the  main  dam,  when  the  reservoir  was  smaller  than  it  is 
now.  The  concrete  dam,  which  was  parallel  to  the  fault  and  of 
course  very  near  to  it,  was  absolutely  uninjured  (PI.  XI,  B) ;  the 
earth  dam,  which  lay  across  the  fault  approximately  at  right  angles, 
showed  definite  signs  of  disturbance  and  lateral  displacement.  Longi- 
tudinal and  transverse  cracks  appeared  on  top  of  the  earth  dam,  and 
some  of  the  fonner  were  reported  to  have  extended  to  a  depth  of  at 
least  3  or  4  feet.  The  transverse  cracks  were  said  to  be  less  well 
defined  and  to  indicate  rather  a  general  disturbance  on  each  side  of 
the  fault  line,  about  one-fourth  of  a  mile  away,  and  was  absolutely 
to  which  it  was  damaged  could  not  be  ascertained. 

San  Andreas  Lake  is  retained  by  a  high  earth  dam.  The  fault  ran 
under  the  east  end  of  this  dam  and  produced  considerable  disturb- 
ance over  a  strip  about  150  feet  wide,  though  the  dam  was  not  seri- 
ously injured.  A  concrete  culvert  inlet  was  connected  with  this  dam, 
and  one  of  the  worst  transverse  cracks  noted  ran  diagonally  over  the 
culvert,  but  the  culvert  itself  was  uninjured.  Besides  the  high  con- 
crete dam  of  Crystal  Springs  Lake,  the  water  company  had  another 
smaller  concrete  dam  at  Sea  is  vi  He.  This  dam  also  was  parallel  to 
the  fault  line,  about  one-fourth  of  a  mile  away,  and  was  absolutely 
uninjured. 

The  Spring  Valley  Water  Company  had  three  main  conduits  run- 
ning into  San  Francisco.  One  of  these,  known  as  the  Pilarcitos 
conduit,  consisted  largely  of  22-inch  and  30-inch  riveted  pipe  and 
24-inch  cast-iron  pipe;  some  feeders  were  built  of  wooden  flume. 
The  conduit  crossed  and  recrossed  the  line  of  the  fault,  and  was  so 
badly  wrecked  that  the  company  has  decided  to  abandon  it — no 
doubt  a  wise  decision,  because  the  location  along  the  line  of  the  fault 
was  a  very  bad  one.  Wherever  the  conduit  crossed  the  fault  line  it 
was  destroyed.  In  some  places  there  was  a  longitudinal  displacement 
of  as  much  as  84  inches,  which  either  telescoped  the  pipe  or  pulled 
it  apart,  as  the  case  might  be.  (Views  of  these  effects  are  given  in 
PL  IX.)  It  made  no  difference  whether  the  conduit  was  in  firm 
ground,  or  in  soft  ground,  or  carried  on  a  trestle  over  marshy  ground; 
the  result  was  the  same  wherever  it  crossed  the  fault.  In  many 
places  where  the  conduit  was  carried  on  trestlework  the  timber 
showed  considerable  decay.  Whether  sound  timber  structures  would 
have  withstood  the  shock  seems  open  to  question.  (See  .also  PL 
X,.l.) 

Within  the  city  proper  the  reservoir  known  as  Lake  Honda  was 
damaged  by  the  cracking  of  its  concrete  lining.  It  is  reported  that 
this  cracking  was  due  to  the  displacement  of  a  retaining  wall  by  a 
sliding  bank  set  in  motion  by  the  earthquake. 

The  distributing  mains  of  the  Spring  Valley  Water  Company, 
wherever  they  passed  through  soft  or  made  ground,  suffered  in  the 
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same  way  as  the  conduits  and  pipes  which  crossed  the  fault  line. 
(See  the  maps.  Pis.  LVI  and  LVII.)  Some  subaqueous  pipe  lines 
crossing  the  bay  s(H»m  not  to  have  been  injured. 

Two  interesting  earth  dams  are  those  at  the  San  Jose  Water  Com- 
pany's Saratoga  reservoir,  which  lies  in  a  saddle  in  the  mountains 
and  is  retained  by  an  earth  dam  at  either  end.  The  fault  runs 
directly  through  the  re.s(»rvoir,  crossing  both  dams  approximately 
at  right  angles.  It  was  reported  that  near  the  east  end  of  the  north 
dam  transverse  cracks  were  formed,  which  extended  through  the 
body  of  the  dam.  There  was  also  a  longitudinal  crack  on  top  and 
some  settling  of  the  upstream  half  of  the  dam.  The  reservoir  seems 
to  have  been  full  at  the  time  of  the  earthquake,  but  no  evidence  was 
found  that  any  water  had  escaped  through  this  dam.  At  the  south 
end  of  the  reservoir  the  fault  line  intersected  not  only  the  dam  but 
the  10-inch  outlet  pipe,  which  was  broken  by  the  earthquake.  Con- 
siderable damage  seems  to  have  been  done  to  the  dam  by  the  water 
escaping  through  this  broken  outlet  pipe.  Whether  the  dam  itself 
would  have  been  seriously  injured  by  the  earthquake  but  for  this 
pipe  can  not  probably  be  determined. 

Professors  Marx  and  Wing  also  noted  in  the  vicinity  of  the  fault 
a  number  of  monolithic  concrete  bridges,  all  of  which  were  unin- 
jured; none  of  them,  however,  absolutely  crossed  the  fault  line. 
(Cf.  PI.  XI,  A:)  These  observers  also  report  that  a  small  concrete 
reservoir,  built  partly  in  embankment  and  partly  in  excavation,  was 
wrecked  by  the  earthquake,  and  seem  to  think  that  such  structures 
would  better  be  built  in  excavation.  They  found  that  some  high 
timber  frames  carrying  water  tanks,  as  well  as  similar  structures  sup- 
porting steel  standpipes,  were'  intact.  A  steel  water  tower  at  Santa 
Clara  was  wrecked.  The  engineer  who  designed  this  tower  gives  an 
explanation  of  its  failure,  however,  in  the  Engineering  News  for 
May  10,  11)00.  Very  probably  his  explanation  is  correct,  and  if  so, 
there  is  no  reason  why  steel  towers  should  not  be  used.  Doctor 
Jordan  told  me  of  one  tower  that  he  saw  which  had  collapsed  as  a 
result  of  the  earthquake,  and  in  which  the  nuts  on  the  upper  ends  of 
the  anchor  rods  stripped  the  threads  so  as  to  allow  the  tower  as  a 
whole  to  l)e  thrown  over. 

GKNKIIAL,   COXCLU8IONS. 

,     THE  REBUILDING  OF  SAN  FRANCISCO. 

Unless  future  earthquakes  are  verj^  much  more  severe  than  any  that 
have  occurred,  there  is  no  reason  why  the  rebudding  of  San  Francisco 
should  not  be  a  successful  commercial  enterprise.  It  seems  highly 
improbable  that  there  will  ever  be  earthquakes  more  severe  than 
that  of  April  18,  lt)OG.    There  is  no  doubt  that  the  city  can  be  rebuilt 
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SO  that,  although  it  will  suffer  damage  from  future  earthquakes, 
this  damage  will  not  be  at  all  fatal,  and  the  city  will  not  bum  up  as 
a  result  of  it. 

DISTRIBUTION  SYSTEMS  FOR  WATERWORKS. 

In  a  city  subjected  to  earthquakes  it  seems  practically  impossible 
to  suggest  any  method  of  construction  which  will  make  the  mains  • 
and  distributing  pipes  at  all  times  perfectly  secure.  In  my  judgment 
the  only  remedy  is  to  have  within  the  city  itself  a  large  storage 
capacity,  distributed  among  various  reservoirs,  and  to  have  a  more 
than  ordinarily  complete  gridiron  of  mains  with  gate  valves  to  cut 
out  any  main  at  every  intersection.  Further,  the  mains  should  be 
larger  than  would  ordinarily  be  required,  so  that  if  a  portion  of  the 
gridiron  were  shattered  it  could  be  cut  out,  but  the  water  could  be 
brought  in  undiminished  quantities  to  the  perimeter  of  the  shat- 
tered area  from  all  undamaged  parts  of  the  gridiron;  that  is,  the 
mains  should  be  so  large  that,  although  the  water  would  have  farther 
to  travel  in  this  case,  there  would  be  an  adequate  supply  for  fighting 
fire,  if  necessar}%  in  the  area  where  the  mains  were  shattered. 

It  would  seem  that  in  a  city  like  San  Francisco  a  special  system 
of  high-pressure  salt-water  mains,  supplied  from  a  pumping  station, 
would  be  the  best  solution  of  the  fire-fighting  problem  so  far  as  the 
congested  district  is  concerned.  This  plan  has  been  recommended  by 
the  National  Board  of  Fire  Underwriters,  and  it  is  probably  the 
wisest  one  under  the  circumstances.  The  pumping  station  should, 
of  course,  be  protected  from  earthquake  damage  in  every  possible 
way.  Perhaps  it  should  be  a  floating  station.  The  salt-water  mains 
should  be  so  laid  out  and  so  interconnected  that  nothing  short  of  gen- 
eral destruction  of  the  entire  system  could  wholly  shut  off  the  water 
from  any  considerable  area. 

In  a  city  like  San  Francisco,  where  there  is  practically  no  damage 
from  freezing,  it  would  seem  worth  while  to  run  the  mains  expo>ed 
everywhere,  so  that  breaks  could  be  located  almost  immediately.  As 
these  breaks  would  ordinarily  occur  only  in  scattered  localities,  and 
would  not  be  verj*  great  in  extent  themselves,  it  ought  to  be  possible 
to  repair  them  in  time  to  prevent  any  general  destruction  of  the  city 
by  fire.  Running  the  mains  exposed  would,  of  course,  introduce  diffi- 
cult problems  at  stre<»t  crossings,  but  there  is  little  doubt  that  such 
problems  could  be  solved  successfully  if  they  were  seriously  studied. 
All  this  means  greatly  increaf^ed  expense  in  the  distribution  sys- 
tem, but  in  a  situation  such  as  that  of  San  Francisco  it  seems  to  be 
required. 

The  earthquake  effects  at  San  Francisco  also  indicate  clearly  that 
ft  special  study  should  Ije  made  of  the  problem  of  promptness  in 
emergenc}-  repairs  to  the  conduits  and  mains.     It  seems  certain  that, 
7171— Bull  324—07 9 
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ill  the  immediate  vicinity  of  existing  faults  and  near  areas  including 
any  considerable  amount  of  made  ground,  both  conduits  and  mains 
may  be  expected  to  suffer  serious  damage.  At  one  point  on  Van 
Ness  avenue  (see  B,  PL  LVI),  where  I  happened  to  see  the  mains 
uncovered,  a  heavy  water  pipe,  apparently  about  20  inches  in  diame- 
ter, had  been  broken  into  pieces  not  more  than  2  feet  long.  The  total 
length  of  the  break,  however,  was  not  more  than  40  or  50  feet,  so  far 
as  I  could  judge  from  w-hat  I  saw  uncovered.  It  would  seem  that  this 
main  might  have  l)een  spliced  in  a  few^  hours  had  there  been  some 
means  of  rapidly  plugging  the  broken  ends  on  either  side  of  the 
break  and  making  a  number  of  taps  in  the  undamaged  parts  with 
parallel  lengths  of  fire  hose  of  large  size.  With  gate  valves  at  short 
intervals  it  ought  to  be  possible  to  cut  out  any  damaged  portion  of 
the  system  by  connecting  through  with  fire  hose  in  such  a  way  as  to 
maintain  at  least  a  partial  supply  of  water  for  fire-fighting  purposes. 
Some  similar  plan  on  a  larger  scale  might  be  devised  for  repairing 
conduits. 

It  would  also  seem  desirable,  wherever  an  important  conduit  or 
main  crosses  filled  ground  or  material  soft  enough  to  suffer  con- 
solidation as  a  result  of  thorough  shaking,  to  carry  the  main  on  piles 
or  other  foundations  reaching  to  firm  material  l^elow.  jiVheix?ver 
there  was  filled  ground  the  vibration  due  to  the  earthqualve  seemed 
to  have  much  the  same  effect  as  woidd  be  produced  in  a  vessel  that 
had  been  loosely  filled  with  sand  and  then  subjected  to  vibration;  as 
is  well  known,  the  sand,  under  such  circumstances,  will  suffer  con- 
solidation to  a  very  appreciable  extent,  which  naturally  lowers  its 
surface  by  an  amount  corresponding  in  a  general  way  to  the  intensity 
of  the  vibration.  Where  a  large  area  and  volume  of  made  ground  is 
subjected  to  similar  vibration,  subsidence  occurs,  and  not  only  are 
buildings  on  the  surface  thrown  down  and  destroyed,  but  water 
mains,  sewers,  etc.,  running  through  the  filled  material  are  subjected 
to  a  deflection  w^hich  necessarily  shatters  them. 

SEWERS. 

The  effect  of  the  earthquake  on  sewers  seemed  to  be  practically 
the  same  as  on  conduits  and  water  mains,  except  as  varied  by  differ- 
ence of  material,  where  such  difference  existed.  The  necessity  for 
firm  foundations  for  sewers  running  through  made  ground  is  clearly 
indicated.  The  need  of  rapid  repairs  to  the  sewers  is  not  quite  so 
great  as  in  the  case  of  the  fire  mains,  because  a  city  can  get  along 
with  inadequate  sewerage  facilities,  if  necessary.  It  would  seem 
desirable,  however,  that  all  important  sewers  passing  through  made 
ground  should  be  constructed  of  the  heaviest  iron  or  steel  pipes,  and 
be  provided  with  an  adequate  foundation.     Of  course,  sewers  are  not 
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under  pressure,  and  therefore  can  not  be  repaired  with  fire  hose,  as 
suggested  for  water  mains.  There  seemed  to  be  some  fear  in  San 
Frajicisco  that  the  breaking  of  the  sewers  and  the  water  mains  would 
cause  the  water  to  be  contaminated  by  the  sewage;  but  evidently  if 
means  were  devised  to  maintain  a  good  pressure  in  the  water  pipes 
this  pressure  in  itself  would  protect  a  leaky  main  from  such  con- 
tamination. 

FIRE-RESISTING    FEATURES    OF    BUILDINGS    IN    "CONGESTED 

DISTRICTS/* 

FIREPROOFING. 

The  Baltimore  and  San  Francisco  fires,  as  well  as  many  other 
fires  and  fire  tests,  have  proved  conclusively  that  commercial  meth- 
ods of  fireproofing  are  inadequate  to  stand  any  severe  test.  In  most 
buildings  the  steel  work  is  fairly  well  protected,  but  the  number  of 
failures  is  sufficiently  great  to  show  that  the  factor  of  safety  against 
fire  is  not  by  any  means  what  it  should  be. 

For  the  protective  covering  itself  to  suffer  complete  destruction, 
or  almost  complete  destruction,  in  any  one  fire  is  in  itself  a  failure, 
because  under  such  circumstances  the  steel  work  is  very  near  destruc- 
tion and  the  margin  of  safety  is  altogether  too  small.  It  is  more 
than  probable — almost  certain,  in  fact — that  a  detailed  investigation 
of  all  the  buildings  in  San  Francisco  would  reveal  many  '•  protected  " 
columns,  not  indicated  in  this  rejmrt,  that  buckled  as  a  result  of  the 
failure  of  the  covering.  In  my  judgment,  columns  should  either  be 
covered  with  4  inches  of  brickwork,  laid  in  Portland-cement  mortar, 
and  have  all  of  the  interior  space  filled  with  concrete,  or  else  they 
should  be  inclosed  in  an  expanded-metal  jacket  and  the  entire  inte- 
rior filled  with  concrete,  so  that  the  mininmm  thickness  of  the  con- 
crete would  not  be  less  than  4  inches.  Exposed  flanges  of  girders  and 
beams  should  be  protected  by  the  equivalent  of  1^  to  2J  inches  of 
solid  porous  terra  cotta,  according  to  circumstances.  If  concrete  is 
to  be  used,  this  thickness  should  be  increased  by  alx)ut  half  an  inch. 
The  protection  for  lower  flanges  should  always  be  inclosed  in  a  basket 
of  expanded  metal  or  heavy  wire  lath,  s<»curely  anchored  into  the 
side  protection  of  the  weljs.  The  San  Francisco  experience  showed 
that,  even  in  a  hot  fire,  such  metal-mesh  basket  work  will  largely 
retain  its  tensile  strength,  and  thus  hold  in  position  the  fireproof  cov- 
ering inside  even  though  the  latter  >hould  l>e  shattered  by  expansion 
stresses  or  otherwise.  The  webs  of  the  girders  should  be  covered  by 
4  inches  of  brickwork  or  concrete.  l)uilt  np  on  the  lower  flanges. 
Girders  should  be  completely  covered  from  lx)ttom  to  top  l)efore  the 
floor  systems  are  put  in,  so  that  the  collapse  of  the  latter  will  not 
expose  the  girder.     Floor  beams  should  have  heavy,  solid  protecting 
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skew  backs,  not  less  than  1^  inches  thick,  or  lie  covered  with  at  least 
2  inches  of  concrete.  In  an  important  work  the  protection  of  the 
lower  flanges  of  the  floor  beams  should  also  be  incased  in  expanded 
metal  or  wire  lath.  The  furred  ceilings  so  much  used  in  San  Fran- 
cisco are  a  valuable  addition  to  the  fire-resisting  qualities  of  floor 
construction,  and  if  the  furring  rods  were  more  firmly  secured  the 
total  loss  here,  as  a  rule,  would  be  measured  by  the  value  of  the 
plaster  alone. 

Hollow -tile  partitions  should  not  bo  less  than  0  inches  thick.  The 
tiles  should  have  webs  at  least  1  inch  thick,  and  all  interior  angles 
should  be  well  filleted.  The  tiles  themselves  should  be  carefully  laid 
in  Portland-cement  mortar,  with  all  joints  absolutely  filled.  Timber 
studs  running  to  the  top  of  the  partition,  to  frame  a  door  or  window 
opening,  should  be  absolutely  prohibited.  The  webs  of  floor  tiles 
should  not  be  less  than  an  inch  thick,  and  their  interior  angles  also 
should  be  well  filleted. 

The  results  at  Baltimore  and  San  Francisco  did  not,  by  any  means, 
indicate  that  either  hollow  tile  or  concrete  is  altogether  a  failure  or 
altogether  a  success.  Both  fires  indicated  very  clearly  that  com- 
mercial methods  of  applying  both  materials  are  inadequate,  but  also 
that  successful  results  can  be  attained  with  both  materials. 

A  conflagration  never  yields  reliable  comparative  results,  but 
judging  from  such  comparative  results  as  are  available,  I  think  that 
there  is  no  question  that  the  best  fire-resisting  material  available  at 
the  present  time  is  the  right  kind  of  burned  clay — that  is,  a  good, 
tough,  refractory  clay,  almost  as  refractory  as  fire  clay,  made  into 
proper  shapes  and  properly  burned.  Some  connnercial  hollow-tilo 
work  is  made  of  good  material,  but,  as  a  rule,  that  is  the  only  good 
thing  that  can  be  said  about  it.  There  can  be  no  question  that  good 
clinker  concrete,  made  of  well-burned  clinker,  Portland  cement,  and 
sand,  is  a  very  efficient  fire-resisting  material.  It  is  better  than  any- 
thing except  the  better  types  of  burned-clay  products;  but  the  cinder 
concrete  commercially  applied  is,  on.  the  whole,  no  better  than  the 
flimsy  hollow-tile  work  with  which  it  competes;  in  fact,  it  is  not  cer- 
tain that  it  may  not  be  worse.  The  only  way  to  determine  this  point 
would  be  to  go  through  all  the  floor  construction  in  a  place  like  San 
PVancisco  and  make  tests  of  the  load-carrying  capacity,  etc.,  after  a 
fire.     It  is  very  doubtful,  of  course,  whether  such  tests  will  be  made. 

If  a  hollow-tile  floor,  for  instance,  loses  its  lower  webs,  the  damage 
is  very  apparent,  yet  most  of  such  floors  remain  true  and  capable  of 
carrying  considerable  loads.  A  cinder-concrete  floor  which  is  even 
more  seriously  damaged  is  very  likely  to  remain  true,  for  the  reason 
that  the  fire  which  damaged  it  also  removed  its  superimposed  load 
before  the  damage  was  fully  accomplished.  A  hollow  tile  which 
comes  through  a  fire  without  losing  any  of  its  webs  is  as  good  as  it 
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was  before;  whereas  concrete  of  any  kind  which  has  come  through  a 
lire  in  which  the  temperature  has  exceeded  700°  or  800°  F.  is  inevi- 
tably damaged  in  all  cases,  owing  to  the  dehydration  of  the  cement, 
although  it  may  appear  uninjured  to  the  casual  observer.  This  prop- 
erty of  concrete,  of  maintaining  a  good  face  in  spite  of  real  and  seri- 
ous damage,  is  likely  to  lead  the  layman  into  dangerous  conclusions, 
and  consequently  into  equally  dangerous  practice.  It  would  seem 
that  wherever  reenforced-concrete  floor  construction  is  used  a  furred 
ceiling  below  it  should  be  absolutely  required. 

The  furred  ceilings  ordinarily  used  are  too  light ;  the  furring  rods 
are  not  quite  heavy  enough  and  they  are  not  adequately  secured 
to  the  floor  construction  above.  If  they  were  made  a  little  heavier, 
and  were  more  firmly  secured,  it  is  probable  that,  as  a  rule,  no  loss 
would  occur  except  that  of  the  plaster.  Even  if  the  furred  ceiling 
comes  down  bodily,  this  failure  is  not  apt  to  occur  until  so  late  a 
stage  in  the  fire  that  the  floor  construction  above  will  be  practically 
undamaged,  because  there  will  not  be  enough  left  of  the  fire  to  raise 
the  temperature  of  the  concrete  to  the  point  where  dehydration  of 
the  cement  will  begin.  The  presence  of  a  furred  ceiling,  however,  no 
matter  how  good,  should  never  be  accepted  as  an  excuse  for  omitting 
the  protection  of  the  lower  flanges  of  the  floor  beams  and  girders.  A 
hollow-tile  floor  that  would  be  fully  equivalent  to  a  reenforced-con- 
crete floor,  with  a  furred  ceiling,  could  be  made  by  using  tiles  in 
which  the  minimum  thickness  of  the  webs  is  1  inch,  and  of  which  the 
material  itself  is  tough,  refractory  elay,  made  porous  by  the  addi- 
tion of  sawdust ;  such  tiles  should,  however,  be  burned  to  a  point 
where  the  clay  itself  is  just  short  of  vitrification.  All  the  interior 
angles,  where  the  webs  of  the  tiles  join  each  other,  should  be  rounded 
to  a  radius  of  at  least  1  inch  or  IJ  inches.  If  necessary  to  secure 
j)roper  burning,  a  small  hole  three-eighths  to  fiv^e-eighths  of  an  inch 
in  diameter  might  be  allowed  through  the  mass  of  clay  at  the  inter- 
.section  of  the  webs. 

Tests  recently  made  of  a  pattern  of  tile  used  at  the  War  College 
indicate  that  floor  tiles  subjected  to  a  fire  test  will  stand  better  if 
there  is  but  one  interior  hole  through  the  tiles,  all  the  material  which 
would  otherwise  Ije  used  in  the  interior  webs  being  concentrated  in 
the  outer  webs,  and  the  opening  in  the  tile  l)eing  of  circular  or  ellip- 
tical shape,  depending  on  the  height  and  width  of  the  tile.  For 
floor  arches  between  steel  l)eams  such  a  tile  as  this  one  would  have 
to  be  used  on  the  end -construction  plan.  A  specially  heavy  skew 
back  should  be  designed  to  go  with  it,  or  else  the  end  tiles  should  be 
cut  to  fit  the  profiles  of  the  b(*am.  The  tiles  themselves  being  so 
heavy,  the  latter  method  of  obtaining  a  skew  back  would  probably 
make  the  arch  more  than  strong  enough  to  carry  its  load,  and  where 
carefully  done  might  afford  adequate  fire  protection  to  the  beams. 
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although  for  that  purpose  a  specially  designed  extra  heavy  side- 
construction  skew  back  would  be  better,  and  should  on  the  whole  be 
recommended  even  in  connection  with  the  heavy  end-construction 
arches  described.  It  is  probable  that  either  a  good  concrete  floor 
with  the  right  kind  of  ceiling  below  it,  or  a  heavy  tile  floor  such  as 
that  herein  described,  would  come  through  almost  any  fire  with  no 
damage  except  the  loss  of  the  ceiling  plaster.  These  two  types  may 
therefore  be  taken  as  equivalent  in  efficiency;  they  will  probably  be 
about  equal,  also,  in  first  cost. 

It  should  be  added  that  attic  floors  and  roofs  should  be  as  carefully 
designed  to  resist  fire  as  any  other  part  of  a  building.  This  is  a 
thing  that  has  rarely  been  done,  and  the  experience  of  both  Baltimore 
and  San  Francisco  shows  that  it  is  absolutely  necessary. 

PROTKCTION    OF   OPENINGS. 

While  there  is  no  doubt  that  commercial  standards  of  fireproofing 
are  dangerously  inadequate,  the  greatest  trouble  of  all  is  the  fact 
that  so  little  attention  is  paid  to  protecting  the  exterior  openings  in 
a  building.  Even  a  very  inefficient  type  of  fire  shutter  would  prob- 
ably have  saved  some  of  the  buildings  in  San  Francisco,  which  were, 
as  a  matter  of  fact,  burned  out.  A  light  metal  shutter  combined 
wnth  a  window  sprinkler  would  probably  resist  a  rather  fierce  fire  for 
a  long  time.  Although  the  faihire  of  the  water  supply  in  San  Fran- 
cisco might  be  urged  as  one  reason  why  a  window  sprinkler  would 
have  l^en  of  no  avail,  it  is  a  fact  that  water  can  be  obtained  by  driv- 
ing wells  into  the  sand  which  underlies  the  business  portion  of  San 
Francisco  almost  everywhere.  Under  these  circumstances,  if  the  fire- 
proof buildings  had  been  fitted  with  metal  shutters,  even  no  better 
than  those  in  the  windows  of  the  hall  of  records,  and  if  each  window 
had  been  provided  with  a  sprinkler  and  the  building  itself  with  its 
own  well  and  fire  pump,  it  is  probable  that  the  fire  could  have  been 
kept  out  of  a  large  number  of  the  buildings.  The  protection  of 
external  openings  is  by  all  odds  the  most  important  constructive 
problem  involved  in  the  efforts  to  make  cities  proof  against  con- 
flagration, and  it  seems  probable  that  at  the  present  time  adequate 
protection  of  windows  and  doors  is  available  at  a  reasonable  cost. 
In  my  judgment,  windows  protected  in  the  following  way,  even 
without  sprinklers,  might  keep  out  the  fire,  though  the  buildings 
were  shut  up  and  abandoned. 

1.  The  outer  opening  should  be  protected  with  some  form  of 
rolling  steel  shutter  or,  preferably,  with  a  shutter  composed  of  sheets 
of  steel  sliding  in  very  deep  rebates  in  the  walls.  The  sheets  of  steel 
should  be  anchored  in  these  rebates  by  means  of  angle  irons  or  rivets 
driven  so  as  to  interlock  with  a  bead  to  be  placed  in  position  after 
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the  sheet  of  steel  is  itself  in  position.  By  providing  a  pocket  in  the 
masonry  just  above  the  window  head  and  making  these  shutters  in 
three  or  four  parts,  overlapping  and  interlocking  at  the  overlap,  the 
whole  shutter  could  be  slid  up  into  the  wall  practically  out  of  sight. 
This  arrangement  would  necessitate  window  openings  slightly  lower 
than  those  used  in  many  commercial  buildings,  but  the  loss  of  light 
would  not  be  very  serious.  The  metal  shutters  when  closed  -should 
overlap  the  window  opening  in  all  directions  by  at  least  6  inches. 
This  overlapping  could  be  accomplished  at  the  sill  without  making  a 
pocket  to  catch  water  and  dust,  by  forming  a  step  in  the  sill  itself. 

2.  The  windows  should  be  made  entirely  of  wire  glass,  with  sheet 
metal  or  metal-covered  sash,  hung  in  metal  or  metal-covered  frames. 
Clear  wire  glass  can  be  used  if  desired. 

3.  On  the  inside  of  the  window  there  should  be  a  sliding  shutter, 
either  of  wood  covered  with  sheet  metal  or  of  sheet  metal  such  as 
that  described  for  the  outside.  If  the  outer  wall  is  furred,,  a  pocket 
could  be  made  between  the  furring  and  the  wall,  so  that  the  inside 
shutters  could  be  slid  sidewise. 

It  is  probable  that  under  a  fairly  bad  exposure  to  fire  the  outer 
shutters  here  described  would  be  so  damaged  that  they  would  have 
to  be  removed.  In  a  conflagration  they  would  probably  be  warped 
to  such  an  extent  as  to  let  the  heat  in,  and  possibly  to  soften  the  Avire 
glass  and  damage  the  windows  themselves,  so  that  they  also  might 
have  to  be  renewed — at  least  so  far  as  the  sash  were  concerned.  But 
it  is  very  doubtful  if  any  conflagration  would  ever  get  through  the 
sash,  much  less  through  the  inside  shutters.  Any  damage  to  the 
window  protection,  however,  would  be  a  very  small  matter  compared 
with  the  total  destruction  of  the  contents  of  the  building  and  a 
damage  of  G5  to  80  per  cent  to  the  building  itself. 

Window  protection  of  the  kind  just  described  could  be  so  designed 
that  it  would  not  be  objectionable  even  on  the  principal  fronts  of 
buildings.  The  San  Francisco  and  Baltimore  fires  have  demon- 
strated that  all  the  exterior  openings  of  even  fireproof  buildings  need 
protection.  It  would  seem  that  the  time  has  arrived  when  building 
ordinances  should  require  it. 

If  to  the  triple  window  protection  descril^ed  above  a  window 
sprinkler  with  adequate  water  supply  is  added,  a  defense  which 
will  probably  not  only  be  adequate  for  its  purpose,  but  which  will 
suffer  small  damage  itself,  will  be  provided.  This  system  of  protec- 
tion, while  it  has  never  been  applied,  can  be  applied  at  a  cost  which 
is  not  prohibitive,  especially  if  unnecessary  and  expensive  finish  is 
omitted. 

Practically  all  the  fireproof  buildings  in  San  Francisco  were  un- 
shuttered. Many  nonfireproof  buildings  were  partially  shuttered, 
but  no  building,  except  that  of  the  Pacific  States  Telephone  and  Tele- 
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graph  Company  on  Bush  street,  was  completely  shuttered.  Although 
every  opening  in  this  building  was  protected,  it  is  not  certain  that 
the  fire  did  not  find  its  way  into  the  building  through  some  of  them 
in  spite  of  the  protection.  The  protection  of  individual  openings 
apparently  was  not  quite  heavy  enough.* 

The  view  of  the  main  front  of  this  building  (PL  XLI,  A)  shows 
plainly  that  it  was  not  severely  attacked  by  the  flames,  yet  it  prob- 
ably would  have  resisted  such  an  attack  a  good  deal  better  than  the 
fagades  of  many  other  buildings.  The  exterior  architraves  of  most 
of  the  windows  are  of  solid  molded  brickwork,  and  the  amount  of 
hollow  terra  cotta  in  the  exterior  front  is  reduced  to  a  minimum,  so 
that  this  building  would  probably  not  have  suflPered  quite  as  much 
as  the  average,  even  if  the  fire  test  from  the  outside  had  been  fully 
as  severe. 

FIREPROOF   VAULTS. 

It  would  seem  that  the  question  of  so-called  fireproof  vaults  in 
commercial  office  buildings  should  also  receive  some  attention.  The 
failure  of  such  vaults  in  San  Francisco  is  absolutely  inexcusable. 
The  fact  that  they  were  so  flimsy  was  not  due  to  any  lack  of  available 
knowledge  as  to  how  a  fireproof  vault  should  be  built;  the  only 
motive  that  can  be  imagined  for  the  erection  of  such  vaults  is  parsi- 
monious and  criminal  economy.     (See  PI.  LII.) 

CONSTRUCTIONS     AND     MATERIALS     RECOMMENDED     FOR     EARTH- 
QUAKE LOCALITIES. 

For  every  tall  building  the  best  type  of  construction  is  undoubt- 
edly a  steel  frame,  but  it  should  be  thoroughly  braced  in  much  the 
same  way  as  in  the  Call  Building,  where  the  steel  bracing  undoubt- 

*  since  the  above  was  written  the  followinR  information  has  been  received  from  Cali- 
fornia, through  the  courtesy  and  cooperation  of  Capt.  M.  L.  Walker  and  Capt.  William 
Kelly,  both  of  the  Corps  of  Engineers: 

The  rolling  shutters  on  the  Bush  street  building  of  the  Pacific  States  Telephone  and 
Telegraph  Company  were  made  of  Interlocking  slats  crimped  out  of  heavy  sheet  Iron, 
the  shutter  as  a  whole  sliding  at  the  sides  of  the  opening  in  heavy  iron  guides.  Cap- 
tain Kelly  thinks  they  were  made  of  No.  22  iron.  1  do  not  believe,  personally,  that  these 
shutters  withstood  the  direct  impact  of  fierce  flame  for  a  great  length  of  time ;  they  would 
have  warped  and  pulled  apart  so  as  to  let  the  flame  in.  The  view  of  the  Bush  street 
front  of  this  building  (shown  in  IM.  XLI.  .4)  would  indicate  that  there  was  no  direct 
attack  by  the  flame  from  the  outside,  and  there  Is  every  reason  to  believe  that  the  plate 
glass  on  the  inside  stood  long  enough  to  prevent  tlie  shutters  from  receiving  any  serious 
attack  from  the  flames  of  the  interior  fire.  It  is  probable,  however,  that  these  shutters 
r.re  fully  as  eflicient  as  the  rolling  shutters  made  by  other  manufacturers  oUt  of  continu- 
ous shet'ts  of  cbrrus^atcd  iron  riveted  together  along  the  edges.  The  continuous  sh«»ets 
have  to  be  of  rather  light  melal,  in  order  to  make  them  practicable:  and  when  subjected 
to  any  great  amount  of  heat  they  invariably  pull  apart  along  the  lines  of  rivet  holes — a 
weakness  which  was  clearly  illustrated  In  the  Baltimore  fire.  There  would  seem  to  be  no 
doul)t,  however,  that  rolling  shutters  of  either  type  used  on  the  outer  windows  of  a 
building  would  elTectually  prevent  ignition  from  radiant  heat  due  to  a  fire  in  a  neighbor- 
ing building.  They  would  also,  of  course,  resist  for  a  time  the  actual  impact  of  flame, 
but  I  am  personally  of  the  opinion  that  they  could  not  resist  this  form  of  attack  for  very 
long. 
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edly  saved  the  masonry.  In  such  buildings  as  the  new  Chronicle 
and  the  Monadnock  the  effect  of  the  vibration  was  really  resisted  by 
the  masonry,  which  w^as  much  shattered.  Some  of  it  w  as  precipitated 
into  the  street  from  the  new  Chronicle  Building,  the  Rialto  Building, 
and  others.  It  is  not  at  all  certain  .that  the  steel  frames  of  these 
buildings  have  not  also  been  seriously  damaged  by  the  earthquake. 
Naked  steel  frames  of  the  same  type  came  through  without  serious 
damage,  but  they  did  not  suffer  the  additional  stresses  due  to  the 
vibration  of  a  great  load  of  masonry,  floor  construction,  and  con- 
tents in  the  upper  stories,  as  did  the  finished  buildings.  It  is  not 
right  to  run  the  risk  of  precipitating  the  masonry  into  the  street  on 
the  heads  of  passers-by,  as  would  have  happened  at  the  unbraced 
steel-frame  buildings  had  the  earthquake  occurred  at  a  later  hour  in 
the  day.  Besides,  if  the  strength  of  the  building  is  dependent  cm  the 
masonry,  which  is  seriously  shattered  by  the  stresses  that  it  is 
expected  to  resist,  the  factor  of  safety  against  general  collapse  is 
manifestly  too  small.  The  steel-frame  construction  should  therefore 
be  thoroughly  braced.  In  my  judgment,  to  obtain  the  best  results  it 
should  also  be  inclosed  with  walls  of  reenforced  concrete,  in  which 
case  it  would  be  almost  impossible  to  throw  the  walls  off.  The  proper 
artistic  treatment  of  this  material  in  a  place  like  San  Francisco  would 
seem  to  be  a  very  important  problem  for  the  architects.  The  great 
utility  of  reenforced  concrete  in  earthquake  shocks  can  not  be  denied. 
AMiere  steel-frame  buildings  are  to  l)e  finished  with  ordinary  masonry 
walls,  however,  complete  bonding  of  all  face  bricks  with  full  header 
courses  should  be  absolutely  required.  No  other  form  of  bond  is 
adequate.  Nothing  but  Portland-cement  mortar  should  l)e  allowed  in 
any  part  of  the  structure.  The  masonry  should  be  tied  to  the  steel 
frame  in  the  very  best  possible  way,  and  much  more  securely  than  is 
ordinarily  the  case. 

For  buildings  of  moderate  height,  say  up  to  1*25  feet  as  an  extreme 
limit,  reenforced  concrete  alone  can  undoul)tedly  be  so  designed  as  to 
give  very  good  results  when  subjected  to  either  earthquake  or  fire. 
But  the  bracing  of  a  reenforced-concrete  building  of  any  height  to 
resist  earthquake  is  a  matter  for  serious  study.  The  problem  can  be 
solved,  but  it  has  not  been  solved  yet. 

Any  building  of  considerable  height,  in  an  earthquake  country, 
should  have  as  little  mass  in  the  superstructure  as  possible,  consistent 
with  other  necessary  qualities.  But  this  limiting  of  mass  does  not 
mean  that  the  flimsy  floors  and  partitions  heretofore  in  use  should  be 
continued.  In  fact,  to  make  the  buildings  proof  against  both  earth- 
quake and  fire  it  is  probable  that  they  will  have  to  l)e  at  least  as 
heavy  as  they  have  been,  but  changes  in  distribution  of  the  mass 
could  advantageously  be  made. 
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For  the  ordinary  commercial  building,  where  brick  walls  and 
wooden  joists  would  ordinarily  be  used,  I  am  of  the  opinion  that 
the  use  of  reenforced  concrete  would  be  the  safest  and  most  practica- 
ble solution  in  a  place  like  San  Francisco.  Where  reenforced  con- 
crete is  used  throughout,  whether  the  building  is  very  tall  or  not, 
great  care  should  be  taken  with  the  design  and  execution  of  the  con- 
nections betw^een  the  columns  and  the  members  of  the  floor  system. 
There  should  be  heavy  knee  braces  for  the  connection  of  all  girders 
and  beams,  and,  wherever  possible,  portal  bracing  in  the  shape  of 
reen forced-concrete  arches  should  be  introduced.  Of  course  the 
amount  of  this  work  that  needs  to  be  done  depends  on  the  circum- 
stances in  each  individual  case,  such  as  the  height  of  the  building, 
its  horizontal  area,  the  kind  of  material,  the  dead  weight  in  the 
upper  stories,  etc. 

The  opposition  of  the  bricklayers'  union  and  similar  organizations 
has  hitherto  prevented  the  use  of  reenforced  concrete  in  San  Fran- 
cisco for  all  parts  of  buiWings.  This  action  of  the  labor  unions  has 
probably  cost  the  city  a  good  deal,  and,  should  it  be  continued,  will 
cost  a  great  deal  more  in  the  future. 

From  the  effect  on  the  fortifications,  and  on  monolithic  and  massive 
concrete  structures  elsewhere,  as  indicated  by  the  details  taken  from 
the  report  of  Professors  Marx  and  Wing,  it  seems  justifiable  to  con- 
clude that  a  solid  monolithic  concrete  structure  of  any  sort  is  secure 
against  serious  damage  in  any  earthquake  country,  unless  it  should 
happen  to  lie  across  the  line  of  the  slip;  in  that  case  the  damage 
might  be  fatal,  or  it  might  not,  depending  altogether  on  the  amount 
of  the  slip  and  the  intensity  of  the  forces  that  accompanied  it. 

It  would  seem  that  earth  dams  of  ample  size  and  with  good  founda- 
tions are  also  secure  against  fatal  damage  unless  they  are  traversed 
by  the  slip.  Even  in  the  latter  case  the  damage  would  appear  to  be 
not  always  fatal;  that  it  would  never  be  fatal,  however,  w^ould  be  a 
rash  assertion  to  make.  It  is  unsafe  to  say  that  any  sort  of  structure 
could  be  built  so  that  geologic  faulting  could  occur  immediately 
underneath  it  without  doing  serious  damage.  As  a  matter  of  fact, 
how^ever,  most  structures  in  an  earthquake  country  would  not  lie  on 
the  line  of  a  fault,  and  it  seems  quite  certain  that  in  such  cases 
well-constructed  earth  dams  and  solid  monolithic  masses  of  concrete, 
whether  large  or  small,  would  escape  serious  injury. 

THE  MINIMIZING  OF  FIRE  LOSSES. 

A  study  of  the  results  of  the  Baltimore  and  San  Francisco  fires, 
especially  in  connection  with  the  statements  of  adjusted  losses  at 
Baltimore,  readily  discloses  the  following  facts: 

In  the  first  place,  the  contents  of  the  fireproof  buildings  were  a 
total  loss.     In  many  buildings  the  contents  might  probably  be  worth 
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more  than  the  structure  itself,  especially  if  any  attempt  is  made  to 
fix  the  value  of  records  and  papers  that  can  not  be  duplicated.  In 
the  second  place,  the  buildings  themselves  suffered  a  damage  exceed- 
ing 65  per  cent,  and  in  San  Francisco  probably  amounting  to  almost 
80  per  cent.  A  study  of  the  items  entering  into  this  damage  dis- 
closes the  fact  that  a  very  large  proportion  of  it  is  due  to  the  loss 
of  the  architectural  finish,  such  as  face  brickwork,  ornamental  terra 
cotta,  and  stonework  on  the  exterior;  marble  dadoes,  columns,  and 
other  finish  on  the  interior ;  wooden  door  and  window  frames,  wooden 
doors  and  windows,  ornamental  grillwork,  etc.  If  the  fireproof- 
building  problem  is  to  be  solved  in  such  a  manner  that  conflagrations 
will  not  cause  serious  losses,  it  would  seem  that  radical  revision  of 
the  method  of  finish  is  necessaiy.  As  the  finish  must  practically  be 
a  total  loss  anyway,  it  should  be  so  devised  that  it  can  be  replaced 
at  small  expense.  This  requirement,  however,  makes  it  impossible 
to  adopt  a  material  for  the  construction  which,  as  the  architects  say, 
finishes  itself — because,  if  the  exposed  surface  is  destroyed,  the 
material  becomes  a  total  loss.  It  would  seem  that  for  the  exterior 
of  the  structure,  walls  well  built  of  good,  common  brick,  laid  in 
Portland-cement  mortar,  or  else  of  reen forced  concrete,  could  be 
finished  on  the  outside  with  stucco,  pebble  dash,  or  some  similar 
material.  The  opportunity  for  the  effective  use  of  colors  here  would 
be  very  great.  If  the  buildings  were  exposed  to  a  fire,  the  exterior 
finish  would  probably  be  a  total  loss,  but  its  value  in  dollars  and 
cents  is  small.  The  fire  might  even  strip  it  off  and  cause  serious  spall- 
ing  to  the  main  wall  underneath,  but,  even  so,  the  operation  of  renew- 
ing the  finish  would  furnish  adequate  repairs  for  the  main  wall  itself. 
On  the  other  hand,  if  face  brick  or  stone  or  ornamental  terra  cotta 
be  spalled,  the  loss  is  total;  the  original  finish  can  not  be  renewed, 
except  by  tearing  the  wall  down  and  rebuilding  it.  On  the  interior, 
combustible  trim  of  all  kinds  should  l)e  eliminated  and  marble  or 
stone  finish  should  be  securely  protected  from  the  access  of  fire. 
Enameled  bricks  and  enameled  tiles  should  also  be  made  secure 
against  not  only  the  direct  access  of  fire  but  the  effects  of  high  tem- 
peratures however  applied.  Instead  of  marble  wall  finish  or  enam- 
eled bricks  or  tiles,  wall  plaster  of  a  good  quality,  finished  with 
enamel  paint,  furnishes  a  perfectly  satisfactory  substitute,  so  far 
as  utility  and  sanitary  qualities  are  concerned.  If  such  finish  is 
destroyed  by  fire,  its  renewal  is  a  matter  of  relatively  small  cost. 

All  interior  partitions  should  1x3  so  solidly  constructed  that  there 
would  be  no  question  whatever  of  a  fire  ever  getting  through  them. 
That  ought  to  be  absolutely  impossible.  Stairways,  stairway  halk, 
and  other  places  where  elevator  grills,  ornamental  balustrades,  etc., 
might  be  used  should  Ik*  so  located  that  no  fire  would  ever  get  into 
them,  and  they  should  Ix'  kept  absolutely  free  of  combustible  matter 
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of  all  sorts  and  descriptions.  Wooden  floor  finish  should  not  be 
allowed  in  any  portion  of  the  building.  All  doors,  door  frames,  win- 
dow frames,  and  w  indow  sash  should  be  of  metal  or  of  wood  covered 
with  metal.  All  important  openings  should  have  doors  on  both  sides 
of  the  wall,  the  idea  being  to  so  design  the  interior  of  the  building 
that  a  fire  starting  in  any  one  room  could  be  left  to  burn  itself  out 
not  only  without  being  communicated  to  other  rooms  or  to  the  corri- 
dors, but  also  without  causing  any  great  money  loss  to  the  building 
itself  in  the  room  or  rooms  where  the  fire  occurs.  The  interior  con- 
struction of  the  building  should  be  such  that,  should  a  fire  by  any 
chance  be  introduced  from  the  outside,  it  could  be  confined  absolutely 
to  the  room  or  rooms  to  which  it  finds  access.  Such  a  thing  as  a 
conflagration  sweeping  through  a  building  can  be  made  impossible 
at  reasonable  expense,  provided  unnecessary  architectural  finish  is 
omitted  and  the  money  ordinarily  expended  on  it  is  applied  to  other 
things. 

Even  such  a  building,  however,  might  have  a  shutter  left  partly 
open,  or  some  other  of  the  various  fire-resisting  devices  might  be  left 
in  such  condition  as  to  defeat  the  purpose  for  which  it  was  installed ; 
so  that  if  the  building  contains  a  large  amount  of  combustible  con- 
tents, it  should  still  l)e  provided  with  sprinklers.  The  municipal 
water  supply  should  be  under  sufficient  pressure  to  supply  the 
sprinkler  system.  In  a  city  like  San  Francisco  an  artesian  well  and 
fire  pump  in  each  building  should  be  provided  for  the  same  purpose, 
if  possible.  P^ven  then,  if  there  is  a  conflagration  raging,  the  me- 
chanical staff  of  the  building  and  as  many  more  men  as  can  be 
obtained  should  be  kept  on  duty  .inside  the  building,  w^atching  for 
points  of  weakness  and  extinguishing  fires  should  any  begin.  A 
small  amount  of  water  and  a  small  force  of  men  would  suffice  for 
this  duty  in  a  building  constructed  as  described. 

It  appears  that  in  San  Francisco  a  number  of  owners  who  were 
organizing  forces  for  the  active  defense  of  their  buildings  were 
driven  out  by  the  police  and  military  authorities  in  accordance  with 
instructions  from  the  municipal  authorities — no  doubt  to  prevent 
looting  and  also  with  a  view  of  saving  people  from  the  effects  of  the 
dynamiting.  It  would  seem,  however,  that  in  some  cases  proper 
judgment  was  not  exercised,  and  that  some  buildings  might  have  been 
saved  themselves  and  might  also  have  acted  as  barriers  to  the  further 
progress  of  the  flames  if  their  occupants  had  been  permitted  to  carry 
out  their  plans.  For  good  illustrations  of  what  can  be  done  in  this 
way  one  need  point  only  to  the  post-office  building,  the  mint,  and  the 
appraisers'  stores.  There  is  also  every  reason  to  believe  that  a  more 
or  less  active  defense  was  carried  on  in  the  Kohl  Building;  otherwise 
it  must  have  suffered  more  severely  than  it  did.  As  it  w^as,  however, 
this  building  was  saved  with  slight  damage. 
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A  fire-resisting  building  is,  in  one  sense,  exactly  analogous  to  a 
fortification — it  needs  a  garrison  to  make  it  thoroughly  effective. 
There  is  this  difference,  however,  that  a  fire-resisting  building  can 
be  made  so  effective  in  itself  that  a  relatively  small  garrison  can 
save  it.  In  my  judgment,  a  building  thoroughly  well  constructed 
along  the  lines  indicated  in  this  report  w  ould  stand  in  a  conflagration 
such  as  that  which  occurred  in  San  Francisco,  preserve  its  contents, 
and  suffer  a  loss  to  its  own  structure  and  finish  not  exceeding  15  per 
cent.  Until  a  result  approximating  this  degree  of  endurance  is 
achieved,  it  is  hardly  fair  to  say  that  the  "  modern  fire-resisting  build- 
ing "  is  a  success,  except  in  so  far  as  it  enables  a  sufficiently  tall  struc- 
ture to  be  erected  on  a  piece  of  valuable  real  estate  to  furnish  an 
adequate  return  for  the  entire  investment,  and  even  this  statement  is 
true  only  as  long  as  the  building  does  not  happen  to  be  attacked  by 
a  conflagration. 

EARTHQUAKE    INSURANCE. 

It  would  seem  that  in  a  place  like  San  Francisco  it  would  be  sound 
policy  for  the  business  men  to  form  a  mutual  earthquake  insurance 
company  on  lines  similar  to  those  of  the  mutual  fire  insurance  com- 
panies. They  should  employ  competent  experts  to  draft  specifica- 
tions and  evolve  types  of  designs  not  in  conflict  with  the  municipal 
ordinances  for  buildings  specially  planned  to  resist  earthquake.  To 
be  admitted  to  the  benefits  of  the  mutual  earthquake  insurance  com- 
pany an  owner  should  be  required  to  conform  to  the  standard  plans 
and  specifications.  In  my  judgment,  there  is  every  reason  to  believe 
that  such  an  enterprise  could  be  made  successful  and  that  it  would 
result  in  having  available  at  all  times  a  fund  for  making  good  any 
earthquake  damage.  It  is  probable  that  the  premiums  that  would 
have  to  be  charged  by  such  a  mutual  insurance  company  w^ould  be 
found  to  be  no  greater  than  those  that  are  charged  for  fire  risks 
in  large  cities. 

SUMMARY. 

It  will  be  apparent  that  much  of  the  information  presented  in  a 
report  like  this  one  is  necessarily  hearsay.  So  far  as  the  history  of 
the  fire  is  concerned,  this  indefiniteness  can  not  be  avoided,  and  the 
details  of  the  damage  itself  could  be  verified  only  by  a  prolonged 
stay  in  the  ruined  city  and  a  close  inspection  of  the  ruins  of  every 
building  at  every  stage  of  the  process  of  cleaning  up.  It  is  to  l)e 
hoped  that  the  technical  men  engaged  on  this  work  will  keep  a  com- 
plete and  accurate  record  of  all  details  of  every  sort,  which  will  be 
available  for  future  reference.  It  is  believed,  however,  that  enough 
evidence  was  collected  at  first  hand  to  abundantly  justify  every  con- 
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elusion  and  broad  statement  contained  in  this  report.  The  only  doubt 
in  my  mind  is  whether  the  damage  ma}'  not  have  t)een  really  greater 
than  it  appears. 

Extreme  caution  should  be  observed  in  drawing  general  conclu- 
sions from  any  individual  case  of  damage  in  a  great  conflagration. 
For  instance,  the  way  in  which  misleading  conclusions  can  readily 
be  reached  is  indicated  in  the  discussion  of  the  relative  merits  of  terra 
cotta  and  concrete  for  fireproof  floor  construction.  The  records  of  the 
fire,  rightly  read,  would  prove  that  lK)th  concrete  and  burned  clay  are 
efficient  as  materials,  but  that  the  method  of  application  of  both  is 
open  to  severe  criticism.  That  hasty  and  ill-founded  conclusions 
have  been  reached  is  only  too  evident  from  the  articles  which  have 
appeared  since  the  San  Francisco  disaster. 

It  is  also  necessary  that  extreme  caution  should  be  observed  in 
drawing  conclusions  in  regard  to  the  effect  of  the  earthquake.  Reen- 
forced  concrete  proved  itself  superior  to  brickwork  l)eyond  any  doubt. 
There  is  every  reason  to  believe  that  for  buildings  of  moderate  height 
reenforced  concrete  can  be  so  designed  that  it  will  be  quite  as  effi- 
cient as  a  steel  frame;  but  it  should  l>e  rememl>ered  that  this  propo- 
sition was  not  proved,  because  there  was  no  reenforced -concrete  build- 
ing of  considerable  height  in  the  entire  district  affected.  Again,  the 
fact  that  steel  frames  stood  up  during  the  earthquake  does  not  prove 
that  they  are  earthquake  proof.  The  framing  of  the  tower  of  the 
Union  Ferry  Building  suffered  almost  fatal  damage,  yet  it  stood  up. 
The  Call  Building  proved  the  efficiency  of  stiff  and  adequate  steel 
bracing;  but  many  of  the  other  conmiercial  steel-skeleton  buildings 
showed  very  clearly  the  need  of  it.  The  fact  that  some  of  the  tall 
buildings  are  now  out  of  plumb  is  no  proof  that  they  are  damaged; 
very  few  such  structures  ever  are  plumb,  and  if  the  deviation  is  not 
very  great  it  is  quite  possible,  even  probable,  that  the  building 
was  erected  out  of  plumb.  The  condition  of  the  masonry  in  wall 
piers,  however,  gives  ground  enough  for  uneasiness.  It  is  safe  to 
say  that  a  well-braced  steel  frame  is  proof  against  ordinary  earth- 
quakes, but  to  point  to  the  actual  conunercial  steel-frame  structure  in- 
San  Francisco  as  a  triumph  of  the  ordinary  type  of  steel  frame,  in 
advance  of  the  careful  detailed  inspection  of  the  steel  work  by  com- 
petent engineers,  is  premature,  to  say  the  least. 
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THE  EARTHQUAKE  AND  FIRE  AND  THEIR  EFFECTS  ON 
STRUCTURAL  STEEL  AND  STEEI^FRAME  BUILDINGS. 


By  Frank  Soul6. 


THE  EARTHQUAKE. 

GEOLOGIC  FEATURES. 

On  the  morning  of  April  18,  1906,  central  California  experienced 
an  earthquake,  the  most  severe,  as  measured  by  its  results,  in  the  his- 
tory of  the  State.  The  seismograph  in  the  observatory  of  the  Uni- 
versity of  California,  at  Berkeley,  recorded  the  shock  as  beginning 
at  5  hours  12  minutes  G  seconds  a.  m..  Pacific  standard  time,  and  as 
lasting  for  one  minute  and  five  seconds.  Its  severity  was  afterwards 
estimated  and  rated  as  IX  in  the  Rossi-Forel  scale  of  earthquake 
intensities.  Other  minor  shocks  followed  immediately  and  at  short 
intervals,  so  that  before  7  p.  m.  of  the  same  day  thirty-one  of  these 
had  been  registered  at  the  observatory.  Slight  shocks,  coming  suc- 
cessively after  longer  and  longer  intervals  of  time,  were  experienced 
during  several  weeks  following,  until  finally  the  earth's  crust  in  Cali- 
fornia seemed  to  have  readjusted  itself  to  new  conditions  of  pressure 
and  equilibrium.  The  material  damage  from  the  earth  tremors  was 
inflicted  by  the  first  great  shock.  The  minor  ones  following  wrought 
no  injury,  except  to  throw  down  a  few  tottering  walls  that  had  been 
racked  by  the  original  earthquake. 

For  many  years  the  leading  geologists  in  California  have  known 
that  a  rift,  or  line  of  dislocation  in  the  earth's  crust — called  in  com- 
mon parlance  an  "  earthquake  crack  "' — starting  near  Point  Arena, 
extends  in  a  straight  line,  at  least  400  miles  in  length,  in  a  direction 
S.  35°  E.  (fig.  1,  p.  3).  Passing  under  the  ocean  bed  8  miles  west 
of  the  Golden  Gate,  the  rift  cuts  the  shore  again  at  Mussel  Rock,  runs 
along  the  reservoir  basins  of  the  Spring  Valley  Water  Company  and 
over  the  Coast  Range  of  mountains,  ignoring  surface  topography  in 
its  course,  and  extends  at  least  to  Mount  Pinos,  in  Ventura  County, 
and  probably  still  farther  to  Lake  Elsinore,  in  southern  California. 
This  great ''  fault  "  gives  abundant  geologic  evidence  of  having  been, 
in  the  remote  past,  the  locus  of  many  distinct  earthquake  movements 
and  disturbances. 
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It  was  a  rupture  and  slip  along  this  fault,  plainly  evident  for 
nearly  200  miles,  that  shook  so  violently  the  thousands  of  square 
miles  of  the  earth's  surface  in  central  California.  The  first  snap  and 
movement  of  the  crust  were  registered  at  the  observatory  of  the 
State  University  as  proceeding  from  south-southeast  to  north-north- 
west, or  about  parallel  to  the  fault.  This  movement  was  there  re- 
corded as  over  3  inches  horizontally,  and  was  accomplished,  as  esti- 
mated by  the  California  earthquake  investigation  commission,  in  one 
second  of  time.  The  vertical  movement  at  the  same  place  and  time 
was  believed  to  be  about  1  inch.  Professor  Omori,  the  distinguished 
Japanese  seismologist,  also  estimated  the  vibration  in  San  Francisco 
to  be  3  inches  in  one  second. 

Instantly  following  this  first  snap  were  rebounds,  reactions,  and 
terranean  reverberations  from  all  parts  of  the  greatly  disturbed  area 
on  either  side  of  the  fault  trace,  which  made  the  record  on  the  seis- 
mograph resemble  a  tangled  spider's  web.  It  was  this  part  of  the 
earthquake — the  temblors — that  created  and  continued  the  racking 
vibrations,  the  twist ings,  and  the  wrenchings  that  brought  down 
chimneys,  walls,  and  towers. 

Meml)ers  of  the  California  earthquake  investigation  commission 
advanced  the  belief  that  the  first  break,  slip,  and  shock  in  the  crust 
began  at  the  northwest  extremity  of  the  fault  trace,  and  that  frora 
this  point  the  rupture  and  shearing  extended  progressively  toward 
the  southeast.  This -view  seems  to  l)e  borne  out  by  later  investi- 
gations, and  certainly  the  greatest  disturbances  on  the  line  of  the 
fault  were  at  and  near  its  northern  extremity.  The  earthquake  was 
felt  to  a  greater  t)r  less  degree  over  a  vast  extent  of  territory,  stretch- 
ing from  Coos  Bay,  in  Oregon,  to  Los  Angeles,  in  southern  Califor- 
nia, and  from  western  Nevada  over  the  greater  part  of  middle  Cali- 
fornia, and  even  out  to  sea.  Although  not  noticeable  to  the  senses,  it 
was  recorded  on  seismographs  in  Washington,  D.  C. ;  Tokyo,  Japan; 
and  Potsdam,  Germany. 

A    STUDY    OF    THE    EFFECT    OF    NATURAL    FEATURES    ON    THE 
INTENSITY   OF  DESTRUCTION. 

DISTANCE    FROM    THE    FAULT    LINE. 

The  actual  area  of  destruction  was  about  400  miles  long  (from 
north  to  south)  and  50  miles  wide  on  either  side  of  the  fault  trace. 
The  destruction  wrought  by  the  earthquake  in  its  severe  effects  was 
proportional  in  a  way  to  the  nearness  of  the  locality  to  the  fault  trace, 
but  varied  greatly  according  to  the  character  of  the  rock  and  soil 
formation  throughout  the  disturbed  area. 

Directly  on  the  fault  trace  the  disturbance  and  destruction  were 
at  a  maximum.    Many  buildings  and  other  structures  were  wrenched, 
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twisted,  and  thrown  down  (PL  X,  Z^) ;  fissures  were  opened  iri  the 
earth  (Pis.  Ill,  IV) ;  trees  were  uprooted  and  thrown  to  the  ground, 
or  snapped  off,  leaving  their  stumps  in  a  standing  position,  or  si)lit 
from  the  ground  up  through  the  stock  to  the  branches  (PI.  II). 
Roads  were  ruined  for  long  distances,  bridges  were  thrown  off  their 
abutments  (PI.  XI,  .4),  and  water  pipes  were  twisted,  telescoped, 
collapsed,  or  broken  (Pis.  IX;  X,  .1).  Along  the  seashore  immense 
landslides  occurred,  throwing  vast  quantities  of  earth  and  rock  into 
the  sea.     (See  also  PI.  VIII,  B.) 

The  main  pipe  lines  of  the  Spring  Valley  Water  Company,  which 
were  depended  on  exclusively  to  supply  the  city  of  San  Francisco 
with  water,  as  well  as  the  distribution  system  of  this  company  in 
the  city,  were  broken  in  many  places,  and  the  supply  of  water  w^as 
absolutely  cut  off  for  a  number  of  days  after  the  earthquake  (map 
PI.  LVI).  The  great  mains  leading  from  Pilarcitos,  San  Andreas, 
and  Crystal  Springs  lakes  were  all  badly  broken  (PI.  LVII).  The 
Pilarcitos  conduit  in  particular,  w^iich  ran  almost  along  the  fault 
trace,  was  completely  ruined  and  rendered  unfit  for  repair  (PI.  IX). 
The  great  44-inch  water  main  crossing  the  San  Bruno  marsh  was 
thrown  down  from  its  supporting  trestles  in  a  serpentine  line,  and 
broken  in  several  places. 

As  the  distance  from  the  fault  trace  increased,  the  violence  of  the 
disturbance  in  a  general  way  diminished,  but  this  statement  nnist 
be  modified  by  saying  that  in  cities  and  towns  built  upon  the  alluvial 
soil  of  valleys  the  destruction  was  at  its  greatest,  as,  for  instance,  at 
Santa  Rosa,  about  20  miles  east  of  the  fault  trace,  in  the  Sonoma 
Valley  (Pis.  XIV,  B;  XVII,  .4).  This  city,  Iniilt  upon  a  deep, 
alluvial  soil,  was  more  severely  shaken  and  suffered  greater  damage, 
in  proportion  to  its  size,  than  any  other  town  in  the  State.  Scarcely 
a  brick  or  stone  building  in  the  town  was  left  standing,  and  80 
people  were  killed. 

SOIL   FORMATION. 

The  destruction  wrought  by  the  earthquake  amounted  to  little  or 
nothing  in  well-built  structures  resting  upon  solid  rock,  and,  all 
other  things  being  equal,  increased  in  proportion  to  the  dc|)th  and 
incoherent  quality  of  the  foundation  soil.  Thus  dwellings  in  15(m- 
keley,  upon  the  solid  rock,  were  scarcely  disturbed,  while  those  on 
the  level  plain  of  Oakland,  4  miles  distant,  were  severely  shaken  and 
injured,  as,  also,  were  the  buildings  at  Leland  Stanford  Junior  Uni- 
versity (Pis.  XIV,  A:  XV;  XVI;  XVII,  B;  XVIII),  7  miles  dis- 
tant from  the  fault  trace;  at  San  Jose  (Pis.  XII,  B;  XIII,  //).  V^ 
miles  distant;  and  at  Agnew  (PI.  XIII,  J),  12  miles  distant.  The 
town  of  Salinas  and  the  alluvial  valley  of  Salinas  River  were  also 
severely  shaken.  This  region  was  fissured  and  disturbed  more  than 
any  other  district  in  the  State. 
7171— Bull.  324—07 10    - 
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In  order  to  get  a  fair  understanding  of  the  effects  of  the  earth- 
quake in  San  Francisco,  a  knowledge  of  the  geologic  formation  and 
the  different  soils  constituting  the  foundations  of  structures  is  neces- 
sary. The  city  and  county  of  San  Francisco  comprise  the  northern 
extremity  of  a  long,  narrow  peninsula,  lying  south  of  the  Golden 
Gate,  between  the  Pacific  Ocean  on  the  west  and  the  southern  half 
of  San  Francisco  Bay  on  the  east.  (See  map,  PI.  LVII.)  The 
boundary  line  between  this  county  and  San  Mateo  County  lies  about 
8  miles  south  of  the  Golden  Gate.  The  area  of  San  Francisco  County 
is  46^  square  miles.  The  population  of  the  city  on  April  1,  1906, 
was  estimated  to  be  460,000. 

The  site  of  the  city  has  at  least  four  different  soil  formations. 
Around  the  Bay  of  San  Francisco,  from  Telegraph  Hill  to  Mission 
Creek,  which  runs  from  west  to  east  and  empties  into  the  bay,  and 
on  both  shores  of  the  creek  is  a  strip  which  was  originally  mud 
flats  and  overflowed  lands,  having  an  area  of  about  354  acres.  These 
tracts  have  been  gradually  filled  in  (especially  on  the  bay  shore 
and  the  northern  Mission  Creek  sides),  since  the  days  of  the  Ameri- 
can occupation,  by  encroachments  on  the  water  front,  due  to  business 
and  commercial  pressure,  and  wharves  and  docks,  w^arehouses,  fac- 
tories, manufacturing  establishments,  and  large  wholesale  houses 
have  been  built  on  these  filled-in  lands.  At  the  present  time  these 
large  areas  are  for  the  most  part  included  within  the  sea  walls  run- 
ning aroimd  the  officially  established  water  front  nearly  as  far  as 
Mission  Creek.  They  are  known  as  "  made  lands,"  and  consist  of 
deep  layers  of  mud,  in  many  places  saturated  with  salt  water,  and 
overlain  by  sand,  trash,  etc.,  which  has  been  filled  in  upon  them. 

On  this  soil  were  built  nearly  all  the  commercial  and  wholesale 
business  structures  of  San  Francisco — such  as  the  Union  Ferry  Build- 
ing— many  large  hotels,  the  post-office,  the  branch  mint,  and  similar 
structures.  On  the  Mission  Creek  side  were  originally  very  large 
areas  of  marshes  that  have  been  filled  in  with  sand  from  adja- 
cent hills.  Adjoining  all  these  made  lands  is  the  comparatively 
level  ground,  composed  of  a  natural  mixture  of  sand  and  clay,  formed 
by  the  wearing  of  the  hillsides  and  by  the  incoming  of  sands  drifted 
from  the  seacoast.  TTpon  this  fringe  of  soil  next  to  the  made  lands 
were  built  many  of  the  largest  hotels,  tall  office  buildings,  and  expen- 
sive structures  of  brick,  stone,  and  steel. 

A  ridge  of  rocky  hills  runs  from  the  northeast  corner  of  the  city, 
or  Telegraph  Hill,  southwestward  along  Russian  Hill,  Clay  Street 
Hill,  and  so  on,  to  Sutro  Heights.  These  hills  are  composed  largely 
of  indurated  clay,  shale,  and,  on  their  highest  summits,  serpentine 
and  other  rocky  formations.  A  ridge  of  sand  hills  runs  through  the 
western  and  southwestern  portions  of  the  city  to  the  Pacific  Ocean. 
The  slopes  and  sunnnits  of  the  hills  nearest  the  business  portion  of 
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the  city  are  closely  built  residence  districts,  and  the  areas  toward  the 
Pacific  Ocean  are  covered  with  cottages,  more  and  more  sparsely 
placed,  to  the  boundaries  of  the  county. 

Adjoining  the  business  district  on  the  southwest  side,  along  Mis- 
sion Creek,  on  the  flat  sand  lots,  was  another  thickly  populated 
residence  section  known  as  "  south  of  Market  street."  It  was  occu- 
pied almost  exclusively  by  wooden  buildings. 

More  than  90  per  cent  of  the  buildings  in  San  F'rancisco  were  of 
wood.  Almost  all  the  brick,  stone,  and  steel  structures  were  in  the 
congested  business  portions  of  the  city,  upon  or  very  near  the  made 
land.  Even  in  this  district  there  was  a  large  percentage  of  wooden 
buildings.  High  steel  structures  of  the  most  modern  type  have 
been  erected  only  recently  in  San  P>ancisco,  and  the  number  of  them 
is  small,  not  exceeding  50. 

The  most  destructive  effect.s  of  the  earthquake  in  San  Francisco 
were  experienced  upon  this  made  land.  Wherever  buildings  were 
well  founded  on  wooden  piles  deeply  driven  into  the  mud — as,  for 
example,  the  Union  Ferry  Building — these  foundations  were  dis- 
turbed but  little  or  not  at  all;  and  where  the  superstructure  had  been 
well  and  strongly  put  up,  practically  no  damage  resulted.  Only  in 
poor  foundations  laid  directly  upon  "  filled-in  "  ground  on  the  raft 
principle,  or  in  buildings  that  were  poorly  constructed  or  under- 
pinned or  had  a  weak  frame,  poor  brickwork,  or  brick  laid  dry  in 
poor  lime  mortar,  was  there  serious  damage  or  collapse. 

The  Union  Ferry  Building  (PI.  XLVI,  /I),  w^ith  the  exception  of 
its  high  tow^er,  was  little  injured,  and  the  level  of  its  floors  was  not 
perceptibly  changed.  At  the  same  time,  the  streets  at  its  front,  which 
rested  simply  on  the  made  soil,  were  rolled  into  waves  3  or  4  feet  in 
height.  So  far  as  the  writer  is  aware  no  foundations  that  had  been 
properly  established  were  in  any  considerable  degree  injured  by  the 
earthquake;  nor  was  any  structure  of  brick  or  stone,  iron  or  steel, 
that  wa's  well  designed  and  constructed,  greatly  damaged.  Some 
chimneys  and  cornices  were  thrown  down,  but  until  the  fire  had 
passed  over  the  region  the  structures  remained  ready  for  use.  This 
statement  applies  especially  to  the  wooden-frame  structures  through- 
out the  residence  part  of  the  city,  w^here  the  only  losses  were  those  of 
chimneys  and  plaster. 

On  the  made  land  in  the  biisiness  portion  of  the  city  there  had 
been  erected  in  early  days  many  light  wooden  building.-,  w^hich 
rested  on  simple  timber  underpinning  founded  on  the  filled-in  mate- 
rial. Many  of  these  structures  collapsed,  but  this  result  was  due  to 
their  imperfect  foundations  and  weak  construction  rather  than  to  the 
severity  of  the  earthquake.  Numerous  structures  in  this  district 
had  been  built  of  dry  brick  or  stone  laid  in  common  lime  mortar, 
and  their  beams,  girders,  and  columns  had  not  been  anchored  to  the 
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walls.  Such  walls  coininonly  collapsed,  and  the  brick  were  found 
afterwards  with  dry,  clean  surfaces,  the  mortar  having  no  adhesion. 
(See  PI.  XXI,  .1.)  On  the  other  hand,  walls  that  had  been  laid 
in  Portland-cement  mortar,  with  brick  thoroughly  wetted  and  all 
parts  well  bonded  together,  stood  the  trial  perfectly  and  are  stand- 
ing to-day. 

Tall,  steel -frame,  stone-exterior  office  buildings  of  the  class  A  type 
that  w^ere  founded  either  on  well-driven  piles  or  on  concrete  slabs 
suffered  no  very  serious  injury  by  the  earthquake.  With  the  excep- 
tion of  a  crack  here  and  there  in  a  stone  pier,  arch,  or  stairway,  or  a 
block  of  veneer  loosened  or  dropped  from  a  front,  they  remained 
entirely  serviceable,  so  far  as  the  earthquake  etfect  was  concerned. 
An  excellent  example  of  this  class  of  buildings,  and  one  that  is 
exceedingly  instructive,  as  it  passed  through  the  earthquake  but 
escaped  the  fire  that  ravaged  San  Francisco,  is  the  Union  Savings 
Bank,  in  Oakland,  at  the  corner  of  Broadway  and  Thirteenth  street. 
This  building  is  a  steel-frame,  stone- veneered  structure^  having  11 
stories  and  a  basement.  It  is  founded  upon  separate  concrete  blocks 
and  piei's  which  rest  upon  a  strong  soil  of  mixed  sand  and  clay.  This 
structure  was  practically  uninjured. 

Buildings  in  San  Francisco  which  rested  upon  foundations  of  sand 
in  natural  place  were  not  injured  by  the  shock,  except  where  the  sand 
was  on  a  hillside  or  had  oppoiiunity  to  spread  and  flow.  In  such 
places  buildings  of  either  masonry  or  wood  were  badly  shaken. 
Where  the  buildings  rested  upon  good,  hard  soil,  as  on  the  hillsides 
or  summits,  practically  no  injury  was  done  with  the  exception  of  the 
loss  of  chimneys  and,  in  some  buildings,  of  plaster.  A  first-class 
building  of  stone,  brick,  concrete,  or  steel  frame  in  such  situation 
seems  absolutely  proof  against  any  earthquake  of  no  gi-eater  severity 
than  the  one  under  discussion. 

THK   FIRB. 

GENERAL  DESCRIPTION. 

Immediately  after  the  first  shock  of  the  earthquake  sixteen  alarms 
of  fire,  from  wndely  separated  localities,  were  turned  in  to  the  central 
station.  The  causes  of  these  fires  were  directly  traceable  to  earth- 
quake effects,  such  as  the  upsetting  of  oil  lamps  and  oil  and  gasoline 
stoves,  the  contact  of  combustible  material  wnth  lamps  and  gas  jets, 
the  rupturing  of  chimneys  and  flues,  the  scattering  of  chemicals,  such 
as  phosphorus,  and  the  upsetting  of  boilers,  furnaces,  etc.  It  is 
claimed  that  currents  of  electricity  did  not  originate  any  fire.  Either 
the  generators  w^ere  disabled  or  the  attendants  switched  off  the 
currents. 
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The  death  of  Mr.  Sullivan,  the  chief  of  the  fire  department,  which 
was  caused  by  the  falling  of  a  mass  of  brick  from  a  chimney  while 
he  lay  ill  in  bed,  was  a  most  unfortunate  accident,  as  the  city  was 
thereby  deprived  of  his  excellent  knowledge  and  skill  as  a  fire  fighter. 
The  fire  department,  although  it  responded  promptly  to  the  calls 
and  was  composed  of  brave  and  efficient  men,  with  excellent  appara- 
tus, was  disconcerted  by  the  loss  of  its  chief  and  paralyzed  in  its 
action  by  the  almost  complete  rupture  and  disintegration  of  the 
water  system.  The  city  mains  were  so  thoroughly  broken  that  in  a 
short  time  not  only  could  no  water  be  obtained  for  the  extinguish- 
ment of  fires,  but  for  a  number  of  days  little  water  could  be  had  for 
domestic  use,  and  the  people  were  compelled  to  rely  on  a  few  wells 
that  remained  available. 

In  private  dwellings  incipient  fires  were  quickly  extinguished  by 
individual  effort ;  but,  because  of  the  early  hour,  the  fires  which  started 
in  the  great  downtown  business  houses,  factories,  etc.,  "  south  of 
Market  street,"  grew  to  alarming  proportions  before  anyone  could 
reach  and  conquer  them.  With  the  exception  of  the  private  water 
supplies,  such  as  wells^(see  map,  PI.  LVI),  pumping  systems,  etc.,  pos- 
sessed by  a  few  establishments,  there  were  no  means  of  extinguishment. 
Within  three  hours  after  the  earthquake  nine  fires  were  in  full  con- 
flagration between  "The  Mission""  and  the  water  front  south  of 
Market  street.  At  first  there  was  little  or  no  wind  to  fan  the  flames, 
but  the  great  heat  soon  drew  in  a  current  of  air  which  continually 
increased,  and,  varying  from  one  point  to  another,  swept  the  flames 
first  in  this  direction  and  then  in  that.  By  Wednesday  noon  the 
fire  had' consumed  nearly  a  square  mile  of  the  city  on  the  south  side 
of  Market  street,  and  on  the  afternoon  of  the  same  day  it  broke  across 
to  the  north  side,  in  the  vicinity  of  the  high  steel  Call  (Claus  Spreck- 
els).  Examiner,  and  Chronicle  buildings.  Thence  the  fire  veered 
with  the  wind,  burning  northward  and  westward  through  China- 
town, and  joined  its  destructive  energy  with  that  of  a  separate  col- 
umn of  fire  that  had  swept  up  from  the  lower  end  of  Market  street 
and  the  water  front.  The  colunm,  driven  by  tlie  wind,  ate  its  way 
rapidly  through  the  residence  portion  of  the  city,  which  was  built 
of  wood  and  hence  was  consumed  like  tinder.  Three  hours  after  the 
conflagration  had  begun  a  corps  of  dynamiters  was  organized,  but  as 
no  such  IhxIv  had  existed  in  the  fire  department,  it  was  necessarily 
composetl  of  volunteers  and  amateurs.  These  men  fought  the  flames 
with  great  bravery,  but  with  little  skill,  and  their  endeavors  to  arrest 
the  progress  of  the  fire  by  throwing  structures  down  in  its  path  were 

""The  Mission"  is  a  woll  known  locality  In  the  city  of  San  Francisco.  It  Is  the  site 
of  the  orltilnni  settlement  and  mission  established  by  the  Franciscan  monks,  and  the  old 
Mission  Church  still  stands  there  ( IM.  XXIII.  /?).  as  the  tire  was  checked  at  this  point 
just  in  time  to  save  it. 


/^ 
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futile  until  late  on  Thursday  night,  after  a  dynamite  expert  had 
been  put  in  charge.  A  last  stand  was  made  in  the  western  part  of 
the  city,  at  the  broad  and  open  street.  Van  Ness  avenue.  Here  the 
dynamiters,  aided  by  the  shifting  of  the  wind  to  the  west,  were  able 
to  stay  the  progress  of  the  fire.  Everything  in  the  Mission  district 
had  been  burned,  except  at  places  where  the  flames  were  checked  by 
means  of  private  water  supplies.  Although  comparatively  feeble, 
the  fire  continued  in  some  parts  of  the  desolated  district  until  Satur- 
day morning,  April  22,  when  the  last  blaze  was  extinguished.  The 
wharves  and  a  fringe  of  buildings  along  the  water  front  had  been 
saved  by  means  of  engines  and  State  fire  boats  drawing  water  from 
the  bay. 

The  area  of  the  burned  district  (see  PI.  LVI)  is  4.05  square  miles, 
or  2,593  acres,  and  includes  490  blocks  entirely  burned  and  32  blocks 
partially  burned.  These  blocks  were  in  two  different  classes,  one 
'  being  the  "  100- vara  «  block,"  and  the  other  the  "  50- vara."  Some 
structures  along  Mission  Creek  and  a  few  residences  on  the  summits 
of  Telegraph,  Russian,  and  Clay  Street  hills  (PI.  LIV)  escaped. 
The  mint  and  a  few  other  buildings  were  also  saved  by  means  of 
private  water  supplies. 

Thus  the  greatest  fire  in  the  history  of  the  world  destroyed  more 
than  4  square  miles  of  closely  built  city  property  estimated  at  $500,- 
000,000,  half  of  which  was  insured;  with  the  loss,  it  is  believed,  of 
about  800  human  lives  (though  the  official  count  is  less). 

San  Francisco  was  little  prepared  to  fight  a  conflagration  under 
the  existing  conditions.  Ever  since  the  six  devastating  fires  of  the 
period  from  1849  to  1852  the  people  had  evidently  relied  on  the  excel- 
lence of  the  fire  department  (subsequently  organized),  the  damp 
atmosphere,  and  the  tradition  that  redwood,  which  composed  the 
exterior  of  90  per  cent  of  the  structures,  would  not  burn.  Dwellings 
were  not  protected  against  fire  either  from  within  or  without,  and  the 
same  may  be  said  of  most  of  the  boarding  houses  and  even  of  some  of 
the  public  hotels.  There  were  few  chemical  extinguishers,  private 
water  supplies,  or  other  fire  apparatus  in  existence.  In  the  congested 
business  district  buildings  that  had  ample  modem  means  of  fire  pre- 
vention within,  or  protection  against  fire  from  without,  were  the 
exception  rather  than  the  rule.  Few  buildings  had  metal  shutters, 
wire-glass  windows,  sprinkler  systems  (interior  or  exterior),  or  pri- 
vate wells,  tanks,  or  pumps.  Some  buildings  where  these  preventives 
were  installed  were  saved,  although  surrounded  by  fire. 

Inflammable  wooden  buildings — remnants  of  the  pioneer  days  of 
1849 — were  scattered  through  the  business  districts  and  added  fuel 
to  the  flames.     The  magnificent  high  steel  structures  that  were  gutted 

«  The  vara  Is  the  Spanish  unit  of  length,  and  equals  33.38  Inches. 
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by  the  fire  owe  their  desolation  for  the  most  part  to  their  environment 
by  these  inflammable  buildings. 

There  was  no  dynamiting  corps  in  the  fire  deparment  and  no  ade- 
quate salt-water  system  for  fighting  fires,  although  the  city  was 
almost  surrounded  by  salt  water,  and  there  were  no  fire  boats  be- 
longing to  the  department,  and. few  cisterns  in  the  streets  or  squares. 
Most  of  the  streets  were  very  narrow,  and  many  of  them  were  lined 
by  high  wooden  buildings.  With  the  water  mains  and  distribution 
system  incapacitated  by  the  earthquake,  it  is  no  wonder  that  the  city 
burned ;  the  only  wonder  is  that  it  had  not  burned  before.  This  re- 
sult had  been  prophesied  by  insurance  inspectors  many  months 
previously. 

ABSTRACT    OF    REPORT    OF    ENGINEERS*    COMMITTEE    OF    THE 
NATIONAL  BOARD  OF  FIRE  UNDERWRITERS. 

The  Coast  Review,  an  insurance  paper,  gives  an  abstract  of  the 
report  and  conclusions  of  the  engineers'  committee  of  the  National 
Board  of  Fire  Underwriters.  This  report  was  published  in  October, 
1905,  many  months  preceding  the  occurrence  of  the  great  fire,  and  is 
epitomized  as  follows : 

The  area  of  San  Francisco  within  the  "  fire  limits  "  was  1.6  square 
miles.  The  "  brick  district "  comprehended  0.95  square  mile,  and 
the  "  congested-value  district  "  0.49  square  mile.  The  number  of  fires 
in  the  preceding  nine  years  was  moderate,  but  the  average  loss  at  each 
fire  was  two  or  three  times  the  loss  expected  in  cities  having  ordinary 
fire  protection.  The  water  supply  was  satisfactory  in  many  respects, 
although  the  pressure  (the  average  being  52  pounds)  was  too  low  for 
automatic  sprinkler  equipments,  standpipes,  etc.  The  fire  hydrants 
were  of  an  old  style,  and  many  water  mains  were  too  small.  There 
were  four  water  services,  varying  for  districts  of  different  levels.  It 
was  stated  that  the  fire  department  was  satisfactory  in  most  respects, 
but  that  the  building  laws  were  not  enforced  thoroughly  and  impar- 
tially.    The  fire-alarm  system  was  criticised  adversely. 

The  "  congested-value  district "  was  bounded  on  the  north  by  a 
mixed  mercantile,  warehouse,  and  dwelling  section ;  on  the  west  by  a 
fashionable  boarding-house,  apartment,  and  residence  district;  on 
the  south  by  a  compactly  built  mixed  district  composed  of  dwellings 
and  manufacturing  and  mercantile  buildings,  and  on  the  east  by  the 
Bay  of  San  Francisco.  This  district  consisted  of  101  blocks,  contain- 
ing 2,086  separate  buildings,  of  which  2.2  per  cent  were  fireproof, 
68.3  were  joisted  brick,  and  29.5  were  frame  buildings.  There  was 
only  one  sprinkler  equipment  in  the  district,  and  it  was  practically 
obsolete.     Premises  were  generally  clean  and  well  cared  for. 

The  "  potential  hazard  "  in  the  produce  and  commission  district 
bounded  by  Battery,  Washington,  Drumm,  and  Commercial  streets 
was  said  to  be  serious.     The  expert  inspectors  claimed  to  have  found 


Digitized  by  VjOOQIC 


140  THE   SAN    FRANCISCO   EARTHQUAKE   AND   FIRE. 

"  conflagration  breeders."  In  regard  to  the  blocks  north  of  Market 
street  and  between  Powell  and  Taylor  streets  they  reported:  "This 
section  contains  more  serious  exposures  and  conflagration  breeders 
than  any  other  equal  area  in  the  city."  They  reported  "  frequent 
high  winds,"  the  absence  of  modern  protective  devices  generally,  the 
"  probability  feature  "  alarmingly  severe,  the  elements  of  a  "  confla- 
gration hazard  "  present  to  a  marked  degree,  and  the  topograph}^ 
unfavorable.  In  fact,  "  San  Francisco  has  violated  all  underwriting 
traditions  and  precedents  by  not  burning  up;  that  it  has  not  done 
so  is  largely  due  to  the  vigilance  of  the  fire  department,  which  can 
not  l>e  relied  upon  indefinitely  to  stave  off  the  inevitable." 

This  report  was  locally  regarded  as  very  severe,  and  in  some 
respects — for  instance,  when  referring  to  winds,  redwood  lumber,  and 
hilly  topography  being  unfavorable — as  erroneous;  but,  unfoilu- 
nately  for  San  Francisco,  the  prophecy  has  come  true. 

EXTRACT  FROM  A  SAN  FRANCISCO  FIRE  EXPERT'S  REPORT  TO  THE 
BRITISH    FIRE-PREVENTION    COMMITTEE. 

George  J.  Wellington,  who  was  born  and  reared  in  San  Francsico, 
and  therefore  can  not  be  accused  of  prejudice  against  that  city,  in 
his  report  to  the  British  fire-prevention  committee  of  London  in  190G, 
says,  among  other  things : 

A  glanre  at  tlie  city  from  a  point  of  eminence  shortly  after  the  temblor 
had  subsided  at  once  disclosed  the  fact  that  San  Francisco  was  doomed.  Col- 
umns of  smoke  ascending  from  fires  at  many  different  i>olnts  made  apparent  a 
condition  that  no  fire  department  in  existence  could  coi>e  with,  on  account  of 
the  lmi>ossibility  of  assembling  sufficient  apparjitus  at  each  fire  to  control  it, 
and  particularly  on  account  of  the  fact  that  there  was  little  or  no  pressure  In 
the  hydrants.  .  .  .  Observation  for  six  hours  from  the  top  of  a  tall  office 
building  failed  to  Illustrate  anything  not  already  known  to  fire  exiwrts,  and 
l»reviously  demonstrated  at  Baltimore  and  other  places.  Unprotected  openings 
of  brick  buildings.  lmproi)erly  hung  and  uncared-for  metal-clad  shutters,  inef- 
feitive  rolling  and  ordinary  iron  shutters,  were  conspicuous  by  their  weakness. 
ExiK)sed  sides  of  hollow-tile  fireproofing  again  cracked  away;  concealed  piping 
again  forced  fireproofing  away  from  steel  members  that  it  was  Intended  to  pro- 
tect :  metal-lath  and  plaster  partitions  again  failed,  and  unprotected  steel  was 
wari>ed  and  dlstorttnl,  permitting  floors  to  fall.  Tall  brick  buildings  with 
joisttHl  interiors  radiated  heat  to  wocnlen  cornices  and  window  frames,  which 
took  fire.  ...  In  fact,  everything  that  had  been  pretlicted  by  fire  engineers 
o<  cur  red. 

The  bigotry  of  architects,  the  cupidity  of  contractors,  and  the  penurlousness 
of  owners  have  laid  the  metn>iK)lis  of  the  Pacific  low.  The  work  of  intelligent 
architects  came  to  naught  against  the  creations  of  incomi>etent  ones.  The  own- 
ers of  well-constructed  buildings  were  burned  out  by  their  criminally  careless 
neighbors.  In  many  instances  talent  was  not  engaged  on  account  of  its  ability 
to  construct  permanently  and  well,  but  rather  for  its  shrewdness  In  erecting 
structures  that  would  earn  the  greatest  returns  for  sums  Invested.     Competi- 


Digitized  by  VjOOQIC 


LAYOUT    OF    CITY    AND    CHARACTER    OF    BUILDINGS.  141 

tlon  in  this  res[)ect  has  led  to  the  use  of  inferior  iiinterlals  flfiid  the  evasion  of 
building  laws  and  the  underwriters'  re<x)niniendations.  San  Francisco  possesses 
building  laws  in  plenty,  which  require  enforcement  rather  than  alteration.  A 
valuable  addition  to  present  (»rdinances  would  be  one  similar  to  that  in  force  in 
some  European  countries,  which  penalizes  owners  for  fires  that  escape  from  their 
buildings,  affording  protection  to  men  disi)osed  to  build  well. 

EFFECT   OF  THE  LAYOUT  OF  THE   CITY   AND   THE  CHARACTER   OF 

THE    BUILDINGS. 

San  Francisco,  as  already  stated,  is  divid(Ml  into  three  great  dis- 
tricts. Market  street,  the  great  artery  of  the  city,  I'JO  feet  wide,  runs 
south  west  ward  from  tlie  bay,  and  divitU's  the  city  into  two  parts — 
first,  a  level  district  on  the  south,  largely  filled  with  wooden  build- 
ings, factories,  foundries,  lodging  houses,  and  the  like,  but  around 
the  bay  extremity  of  the  street  covered  to  a  considerable  extent  with 
buildings  of  brick,  stone,  or  steel  frame;  second,  the  uneven  and  in 
•its  remoter  parts  hilly  district  on  the  north.  This  northerly  portion 
is  subdivided  by  Van  Ness  avenue,  which  separates  the  older  resi- 
dence district  from  the  newer  one  on  the  west. 

In  the  older  section  of  the  city,  l>etween  Market  street  and  Van 
Ness  avenue,  the  streets  had  iK^en  established  under  the  old  Spanish 
system  of  '"  100-vara  lots,"  as  they  are  locally  known,  each  block 
containing  about  7(>,000  square  feet.  West  of  Van  Ness  avenue  and 
south  of  Market  street,  in  parts  of  the  city  more  recently  surveyed 
and  built  upon,  the  blocks  are  much  larger,  and — particularly  along 
Market,  Mission,  and  adjacent  streets  to  the  south — were  built  up 
WMth  very  long  rows  of  buildings,  many  of  them  continuous  for 
hundreds  of  feet.  Thes(?  blocks  were  so  large  that  it  was  found 
necessary,  or  at  least  convenient,  to  subdivide  many  of  them  by  nar- 
row sti*eets  or  alleys  that  permitted  the  ingress  and  egress  of  carts 
and  drays.  It  was  easy  for  the  flames  to  pass  across  these  narrow 
streets,  and  th(»  heat  was  in  many  places  so  great  that  buildings  on 
the  opposite  side  of  tlie  street  were  ignited  by  tlie  heated  air  without 
the  passage  of  any  flames. 

More  than  1>0  per  cent  of  the  buildings  in  San  Francisco  were  of 
wooden-frame  construction,  and  many  of  the  new,  modern,  and  so- 
called  "fireproof"  buildings  were  surrounded,  by  frame  structures 
of  an  old  type,  and,  of  course,  were  injured  or  destroyed  by  their 
combustion.  The  fire  limits  j)ermitt(Ml  (liese  Avooden  structures  to 
approach  rather  close  to  the  JMisiness  section;  and  in  the  c(mgested 
business  district  at  least  :U)  j^cr  cent  of  tlie  buildings  were  of  frame 
construction,  some  of  tliem  four  or  i\\v  stories  in  heiglit.  Outside 
of  the  congested  district  many  business  houses  and  almost  all  dwell- 
ings were  frame  structures,  and  execjH   in  the  outskirts  of  tlie  city 
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were  closely  built  in  long  rows  extending  over  entire  blocks.  In  the 
business  district  almost  every  separate  structure  was  close  to  its 
neighbors.  Wide,  uncovered  spaces  separating  buildings  were,  as  a 
rule,  confined  to  the  outlying  suburbs.  In  the  compactly  built  dis- 
trict of  wooden  structures  a  house  every  three  minutes  was  fre- 
quently the  rate  of  destruction  from  the  fire  during  the  high  wind 
that  prevailed  at  times. 

In  the  congested  business  district  about  75  per  cent  of  the  streets 
were  00  feet  wide,  and  a  few  (about  30  per  cent)  were  at  least  80 
feet  wide.  These  streets  offered  very  little  obstruction  to  the  passage 
of  the  flames  or  heated  air,  and  it  was  aided  by  the  winds  that  were 
caused  largely  by  the  conflagration. 

The  height  limit  as  established  by  the  city  ordinances  was  220  feet 
for  buildings  of  class  A,  100  feet  for  class  B,  82  feet  for  class  C, 
and  45  feet  for  frame  buildings.  Brick  buildings  with  wooden  joists 
were  therefore  allowed  to  be  built  to  a  height  of  eight  stories  if 
furnished  with  wire-lath  and  plaster  ceilings,  thus  affording  the  fire 
admirable  opportunities  for  destruction. 

BEHAVIOR  OF  STRUCTURAL.  STEEL  ANJ}  STBEL-FRA3IE 
BUILDITSTGS  SUBJECTED  TO  THE  EARTHQUAKE  ANI> 
FIRE. 

EFFECTS  DUE  PRIMARILY  TO  THE  EARTHQUAKE. 
INTRODUCTION. 

Structural  steel  as  a  building  material  and  as  a  principal  stress 
resistant  in  high  steel-frame  buildings  has  greatly  increased  in  favor 
since  its  entirely  satisfactory  behavior  in  the  recent  great  vibrations 
in  California;  for  while  it  possessed  strength  and  stiffness  to  a  satis- 
factory degree,  it  also  displayed  an  amount  of  elasticity  that  avoided 
much  shearing  and  fracture,  even  under  the  vibrations  of  the  tallest 
steel-frame  structures. 

The  behavior  of  structures  of  the  various  types  in  San  Francisco 
and  elsewhere  in  the  area  destructively  affected  by  the  earthquake 
was  in  strict  accordance  with  the  merits  of  their  foundations,  design, 
materials,  and  workmanship.  The  so-called  fireproof  buildings 
within  the  area  most  affected  by  the  earthquake,  and  afterwards,  in 
San  Francisco,  burned  over,  did  not  exceed  60  in  number.  Among 
these  buildings  were  8  having  steel  frames  and  hollow-tile  floor 
arches,  29  or  30  having  steel  frames  with  reen  forced -concrete  floor 
arches,  and  2  having  reen  forced -concrete  frames — one  of  these  of 
imperfect  design.  There  were  G  unfinished  buildings  with  steel 
frames,  and  10  having  brick  walls  and  fireproof  floor  arches. 
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FOUNDATIONS. 

It  is  believed  that  every  building  whose  foundations  were  well  and 
strongly  established — upon  deep  piling,  as  the  Union  Ferry  Building 
and  the  Merchants'  Exchange;  with  reenforced-concrete  slab,  as  the 
Call  Building;  upon  separate  concrete  piers  or  grillages  resting  upon 
good  beds  having  a  uniform  load  per  square  foot,  as  the  Union  Sav- 
ings Bank  in  Oakland ;  or  upon  any  other  type  of  excellent  founda- 
tion— escaped  injury  by  the  earthquake  to  the  foundations  themselves, 
nor  did  the  superstructure  owe  any  damage  to  inefficiency  in  those 
foundations. 

The  central  portion  of  California  was  subjected  to  a  severe  earth- 
quake in  1868,  and  has,  on  a  number  of  occasions  since,  been  slightly 
shaken  by  earthquake  shocks,  but  many  architects  and  engineers,  and 
the  p)eople  generally,  had  become  so  accustomed  to  these  slight  move- 
ments of  the  earth's  crust  that  little  attention  was  paid  to  them,  and, 
so  far  as  the  writer  can  learn,  architects  had  believed  that  in  estab- 
lishing solid  foundations  for  high  steel  buildings,  with  good  anchor- 
age and  bracing,  adequate  to  take  care  of  extreme  wind  force,  they 
had  sufficiently  guarded  against  the  effects  of  any  earthquake  vibra- 
tions which  might  occur.  As  a  matter  of  fact,  the  provisions  thus 
made  seem  to  have  been  ample  and  safe  so  far  as  any  disturbance  of 
the  foundations  or  any  lack  of  support  of  the  supei-structure  has 
been  detected.  Notwithstanding  the  severe  vibrations  these  tall 
buildings  have  been  called  upon  to  endure,  they  have  remained  plumb 
and  very  slightly  damaged  by  the  earthquake. 

8TRUCTI  RAL-STEEL    FRAMES    EXPOSED    TO    VIBRATORY    MOTION. 

As  stated  by  A.  O.  Leuschner,  secretary  of  the  California  earth- 
quake commission,  and  also  by  Professor  Omori,  the  distinguished 
seismologist  of  Japan,  the  vibratory  motion  in  Berkeley  and  in  San 
Francisco  was  approximately  3  inches  in  a  horizontal  direction  and 
about  1  inch  vertically,  the  time  of  the  fir«t  oscillation  being  one  sec- 
ond. This  is  understood  to  l)e  the  vibration  on  very  hard  soil  or 
solid  rock.  Where  the  soil  was  softer  and  less  coherent  the  waves 
became  longer  and  the  movement  slower. 

This  vibratory  motion  had  a  tendency  to  move  the  foundation  of 
a  high  building  and  the  basement  immediately  in  connection  with 
it  forward  and  back,  and  perhaps  to  move  some  of  its  columns  in 
opposite  directions,  altliough  this  is  not  certain.  At  any  rate,  it 
apparently  had  the  effect,  owing  to  the  inertia  of  the  mass  of  the 
upper  part  of  the  building,  of  bringing  a  maximum  bending  moment 
to  bear  on  the  frame  at  some  point  between  the  basement  and  the  top 
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of  the  building — to  speak  roughly?  somewhere  near  the  middle  sto- 
ries. It  also  seemed  to  have  the  effect  of  producing  a  horizontal 
shearing  stress  in  the  frame,  particularly  above  and  near  the  base- 
ment. Jhe  frames  in  these  high  buildings  seemed  to  be  the  most 
severely  wrenched,  and  the  exterior  walls,  stairways,  linings,  etc., 
most  injuriously  cracked  in  these  middle  stories.  For  example,  the 
magnificent  eighteen-story  Call  Building  seemed  to  l)e  well  braced 
against  bending  moment  and  shear,  but  the  eyebars  from  the  tenth 
to  the  sixteenth  floor  and  the  transverse  w^ind  bracing  are  reported 
to  be  somewhat  buckled,  the  maximum  occurring  on  the  thirteenth 
floor.  The  braces  were  warped  on  all  four  sides  of  the  building, 
and  there  was  also  probably  some  slight  distortion  of  the  steel  frame 
from  the  tenth  to  the  thirteenth  floors.  The  exterior  veneer  of  stone 
remained  practically  intact  up  to  the  tenth  floor,  above  which,  up 
to  the  sixteenth,  there  was  an  increasing  amount  of  damage,  some 
of  the  stone  being  considerably  out  of  place.  (See  also  p.  146.)  The 
same  thing  practically  can  be  said  of  the  new  Chronicle  Building, 
the  damage  to  the  stonework  of  which  can  be  noted  by  a  close  inspec- 
tion of  PI.  XXX,  B,  The  earthquake  proved  the  absolute  neces- 
sity of  bracing  steel-frame  buildings  with  diagonal  braces,  so  far  as 
the  requirements  of  use  will  allow.  The  Mutual  Savings  Bank  and 
the  Shreve  and  Atlas  high  steel-frame  buildings  have  such  bracing 
and  remained  entirely  plumb  after  the  earthquake.  The  St.  Francis 
Hotel  and  the  Call  Building  were  somewhat  similarly  braced  and 
were  also  left  in  reasonably  good  condition. 

Some  architectural  authorities  assert  that  wind  bracing  put  in 
liberally  for  an  allowance  of  80  pounds  pressure  per  square  foot  wmII 
amply  care  for  earthquake  vibrations  of  an  intensity  equal  to  those  of 
April  18,  11)00.  Undoubtedly  many  of  the  high  steel  buildings  in 
San  Francisco  were  designed  without  reference  to  earthquakes,  but 
they  have  nobly  withstood  their  effects,  and  steel  frames  have  proved 
themselves  entirely  adapted  to  earthquake  countries.  A  careful  in- 
spection of  the  high  steel  frames  in  San  Francisco  shows  that  they 
suffered  comparatively  little  injury,  and  that  this  injury  was  con- 
fined to  the  sliearing  of  rivets  and  connections,  particularly  in  the 
lower  stories  and  on  the  ground  floors,  and  to  some  buckling  of 
braces. 

After  the  earthquake,  bolts  and  rivets  in  the  Union  Trust  Building 
were  found  to  ])e  loose,  and  some  were  sheared  off.  This  damage  was 
due  apj)arently  to  faulty  construction,  careless  workmanship,  and  the 
insertion  of  field  bolts,  in  some  places,  instead  of  rivets.  It  was 
shown  that  the  rivets,  connection  joints,  etc.,  in  these  steel-frame 
structures  are  of  vital  importance,  and  that  in  order  to  resist  earth- 
quake vibrations  they  should  l)e  made  as  strong  and  effective  as  pos- 
sible, particularly  at  the  basement  and  first  floor. 
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The  stone  exteriors  of  all  the  high  steel-frame  buildings  were  to 
a  greater  or  less  extent  cracked  or  injured  under  the  action  of  the 
earthquake.  In  some  places,  owing  probably  to  imperfect  bond  te- 
tween  the  veneer  and  the  steel  frame,  the  stone  veneer  was  displaced 
and  the  walls  were  bulged  outward;  in  others,  blocks  w^ere  thrown 
to  the  ground  and  bricks  or  arch  stones  from  windows  and  other 
exterior  openings  were  dropped  out  of  place.  This  disintegrating 
effect  had  its  maximum  in  the  intermediate  stwies  between  the  top 
and  the  base  of  the  building,  a  very  good  example  being  the  Union 
Savings  Bank  in  Oakland.  This  eleven-story  steel-frame,  stone- 
veneer  structure  gave  opportunity  for  careful  and  comprehensive 
study  of  earthquake  effects  independently  of  fire,  since  it  is  really 
the  only  high  steel-frame  structure  in  the  disturbed  area  which  was 
not  subjected  to  fire.  In  this  building  the  steel  frame  is  intact  and 
uninjured,  so  far  as  can  be  ascertained.  The  marble  veneer  along 
the  stairways  and  corridors  and  the  sandstone  exterior,  particularly 
ill  the  fourth,  fifth,  sixth,  and  seventh  stories,  were  somewhat  cracked 
and  disturbed,  indicating  not  only  a  bending  but  a  shearing  action ; 
and  the  brick  in  the  arches  in  some  of  the  windows  in  these  stories 
have  dropped  to  the  ground.  Otherwise  the  building  escaped  dam- 
age, and  it  has  been  continuously  in  use  since  the  earthquake. 

The  Aronson  Building,  at  Third  and  Mission  streets,  had  stone 
piers  running  froip  the  bed  up  to  the  street  level.  These  were  badly 
wrenched  and  cracked  by  sheer  action,  and  in  the  ninth  story  two 
courses  of  stone  in  the  arches  above  the  soffit  course  were  badly 
cracked,  apparently  for  the  same  reason.  In  the  Call  Building, 
where  the  stonework  ends  at  the  sidewalk  level,  the  corner  piers  were 
not  found  to  be  cracked,  but  in  the  James  Flood  Building  (Pis. 
XXXIII,  Z?;  XXXV,  ^1),  wdiere  the  stonework  extends  to  the  bottom 
of  the  basement,  the  corner  piers  were  cracked  by  earthquake  action. 

KELLVBILITV    OF    STRUCTl  RAL    STKKL. 

Structural  steel  is  a  very  reliable  material.  It  is  produced  and 
also  placed  in  position  by  high-class  skilled  labor  and  is  not  subject 
to  the  flaws  w^hich  sometimes  appear  in  concrete  work  as  a  result  of 
poor  quality  of  labor  and  inefficient  inspection.  Buildei's  in  this 
country  have  had  much  experience  in  the  use  of  structural  steel,  and 
feel  sure  of  what  it  will  do  and  for  what  it  stands.  It  is  no  longer 
in  the  experimental  stage  as  to  resistance  either  to  earthquake 
tremors  or,  when  properly  fireproofed,  to  conflagration.  Construc- 
tors in  San  Francisco  feel  that  this  material  has  safely  and  trium- 
.  phantly  passed  through  a  most  trying  ordeal. 
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EFFECTS  OF  THE  FIRE. 
BUILDINGS. 

Structural  steel  in  the  steel-frame  buildings  subjected  to  the  ter- 
rific heat  of  the  great  conflagration  behaved  satisfactorily  wherever 
it  was  properly  and  amply  pirotected  by  any  method  adopted  for 
fireproofing.  In  no  instance  that  has  come  under  the  observation  of 
the  writer  has  the  steel  been  injured  or  deformed  where  such  fire- 
proofing  was  of  the  proper  kind  and  remained  intact  after  the  earth- 
quake. Unfortunately,  in  many  places  there  was  practically  no  fire- 
proofing  whatever,  or  it  was  very  poor  in  design  or  workmanship, 
or  both,  and  as  a  consequence  failed  miserably.  Columns  were  soft- 
ened and  buckled.  Girders  were  softened  to  such  a  degree  that  they 
sank  by  their  own  weight,  some  pulling  after  them  the  walls  into 
which  they  were  J)uilt,  others  falling  into  the  fiery  furnace  below, 
as  in  the  Cowell  Building  (PL  LI,  B)^  where  the  fireproofing  either 
was  lacking  or  proved  defective  in  the  fire.  In  such  places  the  col- 
umns were  buckled  and  some  of  them  telescoped,  thus  removing  all 
support  for  the  floors  above.  In  other  buildings  where  the  fireproof- 
ing was  fairly  good  and  effective,  as  in  the  James  Flood  and  the 
Call  buildings,  the  structure  remained  ready  for  rehabilitation. 
Although  all  the  steel  girders  or  columns  that  were  subjected  to 
intense  heat  on  account  of  lack  of  fireproofing  did  not  fall,  yet  many 
of  them  were  rendered  unfit  for  further  use. 

Prominent  among  the  steel  structures  was  the  eighteen -story  Call 
Building,*  with  dome  and  lantern,  the  architectural  pride  of  the 
city.  This  building  took  fire  through  a  timnel  leading  from  the 
power  house  in  the  rear  of  the  building,  across  Stevenson  street.  The 
fire  was  drawn  in  by  the  draft  up  the  18  stories  of  the  elevator  shaft, 
which  acted  like  an  enormous  chimney,  the  flames  being  sucked  up 
to  the  topmost  story  with  great  force  and  rapidity.  The  heat,  of 
course,  l>ecaine  intense,  and  all  combustible  matter  on  the  interior 
of  the  building  was  quickly  consumed,  but  the  fireproofing,  although 
not  perfect  in  design  and  execution,  so  far  protected  the  steel  frame 
that  it  remained  only  slightly  damaged  and  ready  for  refitting.  The 
marble  lining  of  the  walls  and  corridors,  and  the  glass  in  the  exterior 
and  interior  windows,  were  all  destroyed,  and  the  metal  trimmings 
were  to  a  considerable  extent  melted  or  ruined.  But  the  steel  frame 
and  stone  exterior,  with  the  exception  of  that  on  some  of  the  middle 
stories,  remains  little  injured,  and  parts  of  the  building  are  contin- 
uously in  use. 

In  the  same  way  the  James  Flood  Building,  one  of  the  newest  and 
largest  steel-frame  structures,  excellent  in  design  and  first-class  in 
workmanship,  was  fairly  well  fireproofed;  and  although  gutted  by 
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the  fire,  it  is  being  rapidly  refitted  for  store  and  office  occupation. 
The  Western  Pacific  Bank  reoccupied  its  old  quarters  on  the  first 
floor  of  this  building  almost  immediately  after  the  fire. 

FIREPROOFING. 
OEKZBAL  COHUITIOKS. 

It  can  be  truthfully  stated  that  i>erfect  fireproofing  of  buildings 
in  San  Francisco,  even  in  those  of  the  newest  and  most  modern 
type,  was  the  exception  and  not  the  rule.  The  bent  or  broken 
columns  and  the  distorted  or  disfigured  steel  girders  in  many  of 
the  burned  buildings  demonstrate  this  fact  (PI.  XXVII,  B), 
Wherever  structural-steel  framework  was  covered  with  fireproofing 
material  of  the  best  design,  executed  with  conscientious,  skillful 
workmanship,  the  steel  remained  uninjured  after  the  fire. 

The  lessons  taught  by  the  great  Chicago  and  Baltimore  fires  had 
been  applied  by  but  few  of  the  architects  of  San  Francisco,  on 
account  of  cost  restrictions  insisted  on  by  owners,  and  very  much 
of  the  damage  inflicted  on  these  high-class  structures  during  the 
'conflagration  is  directly  traceable  to  the  imperfect  fireproofing  put 
in,  or  to  the  entire  absence  of  fireproofing.  Some  of  the  failures  w^ere 
evidently  and  directly  attributable  to  poor  workmanship. 

OOKCRBTE. 

There  are  two  opposing  parties  in  the  matter  of  fireproofing  in 
San  F"rancisco — those  who  have  favored  the  hollow-tile  system, 
and  those  who  believe  in  concrete  as  the  best  fireproofing  material. 
The  Bekins  Van  and  Storage  Company's  wareliouse,  the  only  build- 
ing of  considerable  size  in  the  city  constructed  of  reenforced  con- 
crete, has  already  been. mentioned  as  resisting  the  action  of  the  earth- 
quake and  fire.  In  this  building  the  concrete  acted  as  a  perfect 
fireproofing  protection  for  the  steel. 

Good  Portland-cement  concrete  has  won  a  triumph  for' itself  in 
fireproofing  in  San  Francisco,  for  wherever  well  made  and  properly 
laid  upon  the  steel  girders  or  columns,  it  protected  the  metal.  In 
very  hot  fires  the  exterior  portions  were  disintegrated,  and  in  some 
places  the  whole  mass  was  cracked,  necessitating  removal,  but  the  fire- 
proofing it  furnished  during  the  conflagration  was  excellent.  Exami- 
nation showed  also  that  it  protected  well  against  rust.  The  heat  to 
which  it  was  subjected  was  very  great,  in  places  common  mortar 
being  fused  and  ironwork  in  walls  melted. 

The  s-teel  lx»ams  and  girders  in  the  St.  Francis  Hotel,  the  Mer- 
chants' Exchange,  the  Mutual  Savings  Bank,  and  other  similar 
structures  that  were  thoroughly  fireproofed  with  concrete  endured 
the  fire  exceedingly  well. 
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The  weight  of  Portlaiid-ceiiient  concrete  is  a  drawback,  and, 
moreover,  concrete  is  expensive  when  well  made  and  applied.  Cinder 
concrete  was  well  esteemed  for  fireproofing  for  floors,  but  the  scarcity 
of  good  cinders  in  the  city  rendered  its  general  employment  imprac- 
ticable. 

TERRA  COTTA. 

As  fireproofing  for  floors  terra-cotta  tiling  has  not  given  universal 
satisfaction.  It  is  lighter  than  concrete,  but  the  wrenching  of  build- 
ings during  the  earthquake  opened  numy  of  the  joints  and  the  mor- 
tar was  destroyed — as  in  the  Mills  Building,  a  large  ten-story  steel- 
frame  structure  of  the  older  type,  having  self-sup})orting  w^alls.  The 
mortar  joints  in  the  tiling  were  started  by  the  earthquake,  and  the 
mortar  was  disintegrated  by  the  fire,  the  floors  Ijeing  destroyed  and 
the  lower  surfaces  of  the  tiling  badly  spalled.  The  same  effect  was 
noticimble  to  a  certain  extent  in  the  excellent  Uni(m  Trust,  Crocker, 
and  James  Flood  buildings.  In  the  last  named  the  flooring  was  fire- 
proofed  with  terra  cotta  arched  tiles,  covered  with  concrete  on  top 
and  finished  beneath  by  an  efficient  ceiling  plastered  on  wire  lath. 
The  fireproofing  was  less  injured  in  this  building  than  in  almost 
any  other. 

Terra-cotta  fireproofing  of  cohnnns  was  in  numy  l)uildings  a  fail- 
ure, not  so  much  on  account  of  the  nature  of  the  material  as  because 
of  its  insufficiency  in  quantity  and  poor  or  imperfect  method  of  appli- 
cation. Wooden  studs  were  in  many  })laces  put  behind  the  terra 
cotta.  These  burned  out  quickly,  leaving  the  material  unsupported. 
Pipes  and  wires  were  run  up  between  the  column  and  the  fireproof- 
ing, and  the  twisting  or  expansion  of  the  pipes  caused  by  the  earth- 
quake movement  broke  the  protecting  cover.  Imperfect  junctions 
with  ceilings  above  or  floors  beneath  were  conunon.  That  such  imper- 
fect construction  should  never  be  a<lopted  has  l)een  fully  demonstrated 
in  San  Francisco. 

Porous  terra  cotta  has  been  found  more  satisfactory  than  the  hard 
and  glazed  varieties.  For  inclosing  columns,  the  round  porous  forms 
have  proved  more  stable  and  efficient  than  the  rectangular  ones,  as 
shown  in  the  Spring  Vallev  Water  Companv's  building  (PL  XLV, 
A)  and  the  Arons-ju  Building  (PI.  XXVII, 'i?). 

PLASTER  AUD  METAL  WORK. 

Common  plaster  on  wire  mesh,  metal  lath,  or  expanded  metal  was 
very  generally  used  for  the  firei)roofing  of  columns,  partitions,  and 
the  like,  on  account  of  its  cheapness,  but  was  a  failure  when  subjected 
to  a  hot  fire,  as  proved  in  the  Hotel  Fairmount  (PI.  XXXIV),  the 
Hotel  TTamilton,  and  sev(M"al  other  buildings.  This  failure  was  much 
more  noticeable  where  only  a  single  w^rapping  or  thickness  of  the  wire 
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mesh,  etc.,  was  used  than  with  the  double  wrapping.  But  even  the 
latter  proved  to  be  too  weak  and  disintegrable  to  pass  successfully 
through  a  severe  earthquake  or  a  fire  and  a  strong  stream  of  water 
from  a  fire  hose.  The  plaster  quickly  cracks  and  falls  away  from  the 
metal.  No  doubt  these  materials  w  ill  be  used  in  the  future  by  owners 
demanding  cheapness  of  construction,  but  they  will  satisfy  the 
requirements  only  in  cases  of  mild  exi)osure.  Good  gravel  concrete 
in  place  of  the  plaster,  if  of  considerable  thickness,  has  l>een  found  to 
give  better  results. 

Th(»  failure  of  the  plaster  and  metal  method  and  some  other  meth- 
ods of  fireproofing  in  San  Francisco  is  directly  traceable  to  the 
commands  of  owners  to  their  architects  to  cheapen  as  far  as  practi- 
cable the  fireproofing  and  the  construction  generally,  in  order  to 
receive  greater  interest  on  their  investments.  Much  of  this  cheapen- 
ing has  been  done  in  spite  of  the  protests  of  the  designer,  and  it  is 
in  an  entirely  wrong  direction;  for 'rates  of  insurance  are  largely 
reduced  with  improvements  in  fireproofing,  and  as  the  cost  of  the 
steel  frame  and  its  proper  fireproofing  seldom  exceeds  27  per  cent 
of  the  cost  of  the  building,  it  seems  wise  to  protect  the  other  73 
per  cent  with  adequate  materials. 

BRICKWORK. 

In  some  buildings  in  San  Francihco,  brick  laid  in  rich  Portland- 
cement  mortar  has  l^een  found  to  be  an  excellent  fireproof  covering; 
])ut  it  is  objectionable  on  account  of  the  bulkiness  of  the  brick  and 
the  rusting  of  the  steel,  as  in  basement  stories.  Good  brick  withstood 
the  severe  fire  well,  and  where  laid  in  rich  cement  afforded  a  strong 
fireproof  wall  or  pier.  At  least  4  inches  of  brickwork  w^as  found 
necessary,  and  a  layer  of  concrete  3  inches  in  thickness  between  that 
and  the  steel  was  a  great  improvement  and  served  well  to  protect 
the  steel  from  rust.  But  this  method  will  probably  not  be  followed 
in  general,  on  account  of  weight,  bulk,  and  expense.  Hollow  brick 
and  tiling  were  efficient  also  when  properly  and  liberally  used,  porous 
tiles  proving  to  be  the  bt»tter. 

The  well-known  Palace  Hotel  was  built  about  thirty  years  ago, 
a  few  years  after  the  earth(|uake  of  18()S.  and  before  the  introduction 
of  steel-frame  structures  and  concrete  steel.  It  was  intended  to  be 
earthquake  proof  as  well  as  fireproof,  and  was  built  with  very  heavy 
walls  of  brick,  most  of  them  being  2  feet  or  more  in  thickness,  laid 
in  cement  mortar,  and  strongly  braced  by  many  cross  and  partition 
walls.  In  the  brickwork,  at  every  3  or  4  feet  in  height,  were  laid 
bands  of  iron,  riveted  together  at  their  ends  and  crossings.  This 
building,  although  of  the  old  type,  successfully  endured  the  great 
earthquake,  its  walls  being  practically  uninjured  (PI,  XXX,  B) ; 
7171— Bull.  324—07 11 
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and  althougli  gutted  l)v  the  fire,  which  gained  access  through  the 
unprotected  windows  and  wooden  casings,  was  so  strong  on  its 
foundations  that  very  vigorous  l)histing  operations  were  required  to 
throw  down  it^  walls. 

REEISTORCKD  CONCRETE. 

There  was  in  San  Francisco  at  the  time  of  the  earthquake  only  one 
building  of  considerable  size  constructed  of  reenforced  concrete. 
This  fact  was  due  to  the  opposition  of  certain  labor  unions  to  the  use 
of  this  material  in  place  of  brick  and  stone. 

The  building  referred  to  is  that  of  the  Bekins  Van  and  Storage 
Company,  at  190  West  Mission  street  (PI.  XXVII,  .1).  This  build- 
ing had  outside  walls  of  brick,  but  was  massively  constructed  on  the 
interior  with  columns,  beams,  and  floors  of  reenforced  concrete.  It 
was  originally  intended  to  carry  it  to  a  height  of  four  stories,  but  on 
account  of  the  earthquake,  which  occurred  during  construction,  the 
building  was  finished  to  include  only  the  second  story.  At  the  time 
of  the  fire  the  permanent  doors  of  iron  were  not  in  place,  and  the 
fire  gained  access  to  the  front  or  south  room,  where  very  slight  dam- 
age was  inflicted.  The  entire  main  interior  and  the  goods  stored 
therein  were  unharmed,  and  the  building  has  l>»en  in  continuous 
use  since  completion.  The  brick  l)uilding  adjoining,  however,  w-as 
badly  injured  by  the  earthquake  and  was  afterwards  burned. 

liESSONS   FROM   THK   ^'ARIOUS  TYPES  OF  BUIIiDINGS. 

Great  destructive  earthquakes  have  seldom  occurred  twice  in  the 
same  locality  during  centuries  of  time,  but,  so  far  as  man  knows,  one 
may  occur  at  any  time  anywhere  on  the  earth's  surface.  On  the 
other  hand,  destructive  conflagrations  in  cities  have  happened  many 
times,  but  most  of  them  might  have  been  avoided  by  wise  and  ade- 
quate provision  for  fire  prevention,  protection,  and  extinguishment. 

In  San  Francisco  the  earthquake  could  not  have  been  averted,  but 
its  disastrous  effects  on  structures  could  have  been  prevented  by  the 
use  of  proper  materials  correctly  applied  in  the  execution  of  skillful 
and  scientific  designs,  carried  out  by  good  conscientious  workmen 
under  honest  and  able  supervision.  The  city's  official  inspection  ha« 
usually  been  very  inefficient. 

The  buildings  in  California  that  were  ruined  or  badly  injured  by 
the  last  earthquake  may  be  divided  into  four  classes: 

The  first  class  comprises  buildings  of  a  public  character,  such  as 
city  halls  (PI.  XXXI),  court-houses  (PI.  XXXIX,  A),  asylums, 
public  schoolhouses,  etc..  which  were  badly  desibned  and  constructed 
or  for  the  construction  of  wdiich  insufficient  funds  had  been  voted,  so 
that  the  materials  and  workmanship,  under  imperfect  inspection,  or 


Digitized  by  VjOOQIC 


LESSONS    FROM    THE    VARIOUS    TYPES    OF    BUILDINGS.         151 

worse,  were  of  very  poor  quality.  In  contrast  to  such  construction 
were  the  United  States  Government  buildings — the  mint  and  the 
appraisers'  (or  customs)  building  (PL  XXVIII,  /I),  in  San  Fran- 
cisco, and  the  post-office  building  in  Oakland — all  of  which  were 
either  entirely  uninjured  or  very  slightly  injured  by  the  earthquake. 
These  buildings  were  well  designed  and  constructed  with  the  best 
materials  and  workmanship,  upon  foundations  that  had  been  tested 
and  found  strong  and  satisfactory.  The  results  to  both  of  these 
classes  of  buildings  were  fully  to  be  expected. 

As  a  second  class  of  buildings  that  suffered  badly  may  be  grouped 
those  of  the  oldest  type  of  wooden  structure  in  San  Francisco,  lightly 
resting  upon  slim  wooden  underpinning,  which  stood  upon  soft  and 
unstable  soil  or  loose,  unconsolidated  sand.  Such  houses  went  down 
at  the  first  shock,  as  one  would  naturally  exi)ect.  In  contrast  to  these 
flimsy  structures  are  the  thousands  of  more  substantially  constructed 
wooden  buildings  that  still  stand  intact,  except  as  to  chimneys  and 
some  plastering,  all  over  the  unburned  i)art  of  the  city.  These 
structures  were  built  fairly  well  and  upon  stable  foundations:  and 
the  writer  believes  from  his  personal  observation  that  no  well- 
founded  and  well-constructed  building  of  wood  in  San  Francisco 
was  injured  to  a  greater  degree  than  those  just  mentioned.  In  a 
country  subject  to  earthquakes  a  strongly  framed  and  well-founded 
wooden  house,  not  exceeding  three  stories  in  height,  with  noiulisin- 
tegrating  plaster  and  finish,  light  tile  chimneys,  and  ample  fire  pre- 
vention and  protection,  would  seem  to  be  the  ideal  type  of  residence 
structure. 

Experience  shows  that  buildings  constructed  with  exterior  brick 
walls  laid  in  common  mortar,  with  timber  columns  and  girders,  tied 
and  braced  little  or  not  at  all,  constitute  a  third  class  of  buildings 
which  are  nonresistant  to  a  severe  earthquake,  particularly  if  they 
are  erected  upon  a  poor  foundation.  Even  if  the  girders  and  colunms 
are  of  metal,  they  are  pulled  apart,  and  the  walls  fall  inward  or  out- 
ward during  the  shock.  Only  rich  Portland  cement,  laid  with  wetted 
brick,  and  strong  joists,  ties,  and  anchorage,  endured  the  stress. 

The  l^ehavior  of  the  high  steel-frame  office  buildings,  which  con- 
stitute the  fourth  class,  has  shown  that  in  order  to  resist  perfectly 
the  bending  moments  and  shears  induced  by  the  swaying  due  to  the 
earthquake  movement,  such  buildings  should  l>e  stiffened  in  their 
joints  and  connections  by  the  best  riveting  combinations,  and  knee  and 
other  bracing,  particularly  at  or  near  the  ground  floor.  This  require- 
ment is  of  the  utmost  importance,  and  so  also  is  the  one  that  the  sway- 
ing referred  to  should  he  diminished  by  the  liberal  introduction  of 
diagonal  and  wind  bracing  throughout.  The  proper  bracing  in  the 
lower  stories  has  in  some  buildings  been  omitted,  on  the  demapd  of 
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owner  or  losReo,  to  afford  more  glass  or  light  space,  but  such  design 
has  a  weakening  effect,  and  should  be  discouraged.  The  Marston 
Building,  on  Kearney  street,  is  an  object  lesson  in  this  respect.  On 
the  other  hand,  the  Whittell  Building,  on  Geary  street,  near  Union 
square,  is  commended  for  its  deep  plate  girders  and  heavy  steel 
generally.  It  stood  well,  and  no  rivets  \vere  sheared.  Columns, 
exterior  and  interior,  in  steel-frame  buildings,  should  in  future  be 
put  in  more  liberally  on  the  first  and  second  stories,  and  the  strongest 
joints  and  connections  should  be  adopted  in  order  to  resist  the  bend- 
ing and  shearing.  These  improvements  will  greatly  stiffen  the  steel 
frame,  and  prevent  the  cracking  of  the  walls.  The  Kohl  Building, 
thus  stiffened  by  lattice  girders  on  all  floors,  was  uninjured  in  its 
exterior  stonework  and  brickwork,  although  built  upon  the  edge  of  the 
made  ground  along  the  old  shore  line.  With  such  strengthening  the 
high  steel  structures  will  safely  endure  an  earthquake  of  even  greater 
severity  than  that  of  April  18,  1900.  This  kind  of  building  has 
proved  its  worth  and  reliability,  and  minor  improvements,  as  advo- 
cated, will  produce  an  enduring  structure. 

In  a  fifth  class  are  to  l)e  placed,  but  not  as  failures,  concrete  and 
reen  forced -concrete  structures.  These  have  become  popular  with  a 
large  number  of  designers  in  San  Francisco,  on  account  of  the 
strength  claimed  for  them,  and  on  account  of  the  indestructibility, 
facility  of  construction,  and  fire  and  rust  protection  that  their 
materials  afford.  Unfortunately  for  San  Francisco,  there  were  very 
few  structures  of  concrete  or  reenforced  concrete  in  the  city  at  the  time 
of  her  great  trial;  but  these  few  behaved  well  during  both  the  earth- 
quake and  the  resulting  fire.  Therefore,  although  such  structures 
are  admittedly  new  and  comparatively  experimental  on  the  Pacific 
coast,  the  confidence  reposed  in  them  has  already  led  to  the  designing 
and  construction  of  a  number  of  large  buildings  of  this  type  for 
public  or  business  purposes.  At  present  the  sentiment  is  to  limit 
them  to  a  height  of  six  or  eight  stories,  on  account  of  their  experi- 
mental character  and  because  of  the  fear  that  greater  height  would 
permit  a  reversal  of  stress,  due  to  earthquake  and  wind  force  in  their 
reenforced  girders.  It  is  agreed  that  the  columns  should  be  reen- 
forced with  steel  and  braced  together  wherever  possible;  that  the 
girders  should  be  similarly  reenforced  for  tension  and  shear,  and 
made,  so  far  as  practicable,  continuous  over  the  columns;  and  also 
that  the  joints  and  connections  should  be  strongly  stiffened  and  the 
curtain  walls  strengthened  by  a  reenforcement. 

^lill  construction  with  brick  will  undoubtedly  be  utilized  in  many 
buildings  for  a  considerable  time  to  come,  but  the  lesson  has  been 
taught  that  the  materials  used  should  be  first-class  pressed  brick,  well 
wetted,  and  cement  mortar,  and  that  all  parts  should  be  thoroughly 
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tied  and  anclK)red  together.  San  Francisco's  experience  has  proved 
that  this  rule  is  a  most  important  one  to  follow  in  all  brick  and  stone 
construction,  and  its  neglect  in  the  past  has  resulted  in  much  loss  and 
ruin. 

FIRE-FIG HTIKO    APPARATUS    AND    FIRK-RESI8TIXG 

MATERIALS. 

The  damage  inflicted  on  San  Francisco  from  the  direct  and  imme- 
diate eft'ects  of  the  earthquake  was  relatively  small,  being  estimated 
at  only  3  to  10  per  cent  of  the  total  loss;  but  a  subsequent  and  indirect 
effect  was  to  paralyze  the  water  supply  and  its  distributing  system, 
start  a  great  conflagration  and  render  impossible  its  extinguishment 
with  the  means  at  hand,  cause  the  death  of  at  least  000  human  beings, 
burn  approximately  $500,000,000  worth  of  property,  render  home- 
less and  miserable  200,000  j)eople,  and  inflict  remoter  damages  to 
business,  commerce,  and  labor,  only  to  be  estimated  in  the  future. 
Inasmuch  as  it  can  be  plainly  seen,  by  looking  backward,  that  nearly 
all  of  this  destruction  and  suffering  might  have  been  prevented  by 
wise  foresight  and  provision,  it  is  felt  that  a  warning  should  be  sent 
to  all  the  cities  in  the  world.  Any  city  that  disregards  this  warning 
will  be  guilty  of  a  great  crime. 

San  Francisco  should  have  had  separate  and  ample  water  mains 
entering  the  city  on  several  independent  lines  from  different  sources 
of  supply,  and  numerous  distributing  reservoirs  on  the  hills  in  vari- 
ous parts  of  the  city,  always  well  filled,  independent  and  yet  with  a 
distributing  system  meshing  the  entire  area,  with  its  pipes  so  joined 
or  valved  that  they  could  be  separated  or  united  as  desired.  There 
should  have  been  in  that  city,  almost  surrounded  by  salt  water,  a 
separate  system  of  flexible  salt-water  mains  for  fire  and  sewer  pur- 
poses, and  numerous  large  cisterns  in  her  streets,  laid  in  reenforced 
concrete,  with  somewhat  flexible  lining  and  pipes.  These  cisterns, 
only  a  few  blocks  apart,  should  have  been  filled  at  all  times  with  salt 
water.  There  should  have  been  many  wide  streets — like  Van  Ness 
avenue,  where  the  fire  was  finally  checked — and  many  large  squares, 
the  city  being  tluis  divided  into  numerous  fire  districts.  The  fire 
department  should  have  included  a  dynamiting  corps  of  experienced 
fire  fighters,  and  a  number  of  fire  boats  always  ready  along  the  water 
front  and  among  the  shipping.  None  of  these  things  did  San  Fran- 
cisco have.  With  these  means  available,  probably  this  story  of  the 
greatest  fire  in  history  would  never  have  been  written. 

Of  a  building's  entire  fire  risk,  that  from  fire  within  the  building 
is  estimated,  on  the  average,  at  40  per  cent,  the  other  (iO  per  cent  of 
the  risk  being  from  exterior  fires.     This  risk  for  interior  fires  should 


Digitized  by  VjOOQIC 


154  THE    SAN    FRANCISCO    EARTHQUAKE    AND    FIRE. 

be  reduced  to  a  mininuiin  by  ample  provision  for  fire  prevention. 
As  far  as  practicable,  combustible  material  should  be  eliminated. 
Several  of  the  fine  so-called  fireproof  buildings  in  San  Francisco  were 
injured  chiefly  \>y  the  burning  of  their  wooden  trim,  floors,  doors, 
office  furniture,  papers,  books,  carpets,  rugs,  etc.  Wooden  floors  have 
proved  to  be  dangerous  and  objectionable;  but  in  some  places  non- 
combustible  wood  may  be  used  for  them  and  for  the  interior  trim, 
as,  for  example,  where  the  heat  could  never  be  very  great.  Metal 
trim,  doors,  windows,  sash,  and  casings,  together  with  plate  glass,  or, 
better,  wire  glass,  may  confine  a  fire  to  a  single  room,  preventing  a 
general  combustion.  Adequate  fire-extinguishing  apparatus — such  as 
fire  hose,  always  connected  with  good  water  pressure,  wells  with  auto- 
matic pumps,  and  tanks  in  the  basement  or  upon  the  roof,  with  pipe 
connections — was  lacking  in  nearly  all  of  San  Francisco's  buildings, 
even  in  those  of  the  highest  class.  In  the  California  Electric  Com- 
pany's building  the  standpipes,  with  attached  hose,  the  well,  pump, 
and  tank  in  the  basement,  and  the  roof  tank,  together  with  the  metal 
sash  and  the  wire-glass  windows,  proved  the  value  of  such  a  private 
system,  saving  that  propert}^  from  the  hot  fire  around  it,  though 
every  adjacent  structure  was  burned.  As  this  building  was  not  fire- 
proof, the  value  of  the  fire-extinguishing  system  can  be  well  under- 
stood, and  had  all  the  large  establishments  been  equally  well  equipped 
the  conflagration  would  have  been  quickly  checked  and  a  vast  amount 
of  property  saved.  Automatic  sprinklers  connected  with  the  above- 
mentioned  plant  will  afford  excellent  fire  protection  within  and  will 
greatly  reduce  insurance  rates. 

While  the  fire  danger  from  exterior  fires  to  a  given  building  is 
ordinarily  estimated  at  GO  per  cent,  this  risk  practically  becomes  100 
per  cent,  of  course,  in  a  great  conflagration.  In  San  Francisco  little 
protection  from  exterior  fires  had  been  adopted.  There  were  few 
metal  shutters  or  steel  roller  shutters,  and  most  of  those  were  of 
imperfect  design,  proving  unsatisfactory  when  tested.  The  open- 
ings in  walls  were  fatal  points  of  weakness  in  all  the  great  buildings. 
Wire-glass  windows,  though  few  in  numl)er,  behaved  well,  but 
wooden  instead  of  metal  sashes  were  great  sources  of  fiery  contagion. 
Metal  covering  over  wooden  doors  and  window  frames  was  generally 
inefficient.  Ordinary  glass  was  quickly  cracked  by  heat  from  the 
exterior:  the  sashes  took  fire  and  the  flames  rushed  in  through  the 
openings,  consuming  all  combustible  material  within.  Many  of  the 
best  buildings  were  gutted  in  this  manner.  Had  they  been  furnished 
with  metallic  shutters  of  the  best  design,  with  wire  glass?  in  metal 
sashes,  and  with  cornice  and  other  exterior  sprinklers,  supplied  by  a 
private  water  plant,  they  certainly  might  have  been  saved.  Thus 
the  employees  of  the  United  States  mint  (PI.  XXXVIII),  with  a 
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scanty  private  supply  of  water,  made  a  desperate  and  gallant  fight 
•from  the  roof  of  the  building  and  within,  and  saved  it,  little  injured. 

As  most  metallic  shutters  rapidly  deteriorate  with  time,  rust,  and 
weather,  and  often  become  jammed  so  that  they  will  not  close,  many 
architects  prefer  wire  glass  in  hollow  metallic  sash  and  window 
sprinklers.     This  combination  has  j)roved  effective. 

San  Francisco's  experience  indicates  that  wells  and  elevator  shafts, 
running  up  through  many  stories,  should  be  guarded  by  brick  or 
reenforced-concrete  walls,  fitted  with  double  metal  rolling  doors, 
bolted  to  the  walls  to  allow  for  expansion,  or  with  automatic  sliding 
doors  and  wire-glass  partitions.  There  was  little  or  no  provision 
for  cutting  off  the  draft  of  air  that  will  ascend  through  such  a  shaft 
during  a  fire,  and  great  destruction  resulted  in  consequence.  The 
Call  Building  took  fire  from  the  power  house  behind  it,  on  the  other 
side  of  Stevenson  street,  the  heat  being  drawn  through  the  tunnel  to 
the  elevator  shaft,  up  which  it  rushed  with  the  fierce  draft  given  by 
the  18  stories,  breaking  glass  and  burning  doors,  furniture,  trim- 
mings, and  office  contents.  The  Telephone  Building,  on  Bush  street 
(PI.  XLI,  .1),  met  a  similar  fate,  l>eing  consumed  from  wnthin.  This 
new  structure  was  claimed  to  have  the  best  fire  protection  in  the  city. 

The  importance  and  value  of  real  protection  will  be  appreciated 
when  it  is  stated  that  a  third-class  building  with  a  complete  fire- 
prevention  plant  is  insured  for  less  than  a  first-class  one  that  does 
not  have  it.  This  fact  should  be  understood  by  all  owners.  More- 
over, all  parts  of  an  establishment  should  be  equally  protected,  for 
the  fire  may  l)egin  anywhere.  The  new  Telephone  Building  was 
burned  owing  to  the  nonobservance  of  this  rule,  catching  fire  through 
the  unprotected  wooden  back  door  of  the  basement.  The  structure 
was  fitted  with  *' tin-clad  shutters''  and  wire  glass  on  the  side  and 
rear  openings  and  with  steel  rolling  shutters  in  front.  The  fire  broke 
through  the  rear  wooden  door  into  two  well  shafts  and  a  corridor 
and,  rushing  upward,  consumed  every  floor.  The  building  was 
destroyed  b}^  a  fire  that  entered  through  a  single  unprotected  open- 
ing. The  tin-clad  shutters  were  destroyed  and  much  of  the  wire 
glass  was  melted  or  broken  by  the  hot  fire.  The  rolling  shutters  in 
front  still  hung,  but  were  l)ent  so  that  the  windows  were  exposed. 

Concrete  floors  with  metallic-mesh  reenfoicement  are  strongly 
recommended  for  strength  and  fireproof  character.  Xoncombustible 
wooden  floors,  doors,  and  trim  were  installed  in  a  few  buildings,  and 
under  ordinary  conditions  would  probably  have  limited  the  destruc- 
tion to  "  one-room  fires,"  but  the  heat  was  so  high,  and  in  general 
the  bulk  of  papers,  books,  and  furniture  so  great,  that  all  were 
consumed.  A  non  in  flammable  substitute  for  woodwork  and  trim 
generally  is  gi'eatly  to  be  desired. 
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Double  windows  of  wire  glass  in  hollow  metallic  frames  are  recom- 
mended, or  where  such  material  would  l>e  objectionable  by  cutting 
off  the  view,  double  plate  glass  is  considered  next  best.  Interior 
doors  should  be  of  metal,  or  at  any  rate  metal  covered,  in  fireproof 
buildings,  and  the  light  for  corridors  and  halls  should  come  through 
wire  glass.  As  the  installation  of  wire  glass,  metallic  rolling  shut- 
ters, and  metal  sash  involves  only  a  small  percentage  of  the  cost  of 
the  building,  and  as  these  materials  have  proved  to  l)e  of  such  excel- 
lent service  as  fire  protection  when  of  the  best  quality  and  workman- 
ship, a  wise  economy  demands  their  use  in  every  important  fireproof 
building. 

Capitalists  and  owners  must  understand  that  perfect  fire  protection 
for  structural  steel  is  necessarily  expensive.  Any  so-called  fireproof- 
ing  that  is  cheap  and  flimsy  is  a  delusion  and  will  not  serve.  The 
application  of  an  effective  method  insures  permanence  of  the  struc- 
ture and  at  the  same  time  greatly  reduces  the  rates  of  insurance. 
Steel  columns  may  be  well  fireproofed  by  surrounding  them  with  the 
l>est  quality  of  stone  or  cinder  concrete  A  inches  in  thickness,  or  by 
3  inches  of  either  when  hollow  tiling  is  put  on  the  exterior. 

A  3-inch  porous  terra-cotta  tiling,  wrapped  on  the  outside  with 
wire,  and  with  metal  mesh  used  around  the  bed  course  of  the  column, 
has  proved  efficient.  The  mortar  of  the  tiles  should  contain  a  large 
proportion  of  cement,  and  the  tiles  should  be  strongly  anchored  to  the 
columns  to  prevent  their  falling  away  in  earthquake  or  fire  and  so 
leaving  the  steel  exj)osed. 

In  the  great  fire,  decorations,  trim,  inflammable  oil  paints  and 
varnishes,  in  office  buildings,  aided  materially  in  spreading  the  flames. 
A  noninflamnud)le  water-color  paint  that  will  endure  washing  has 
been  reconmiended. 

Fire  walls  of  brick,  extending  alx)ve  the  roofs  of  buildings,  were 
effective  in  resisting  the  spread  of  the  fire;  but  the  support  derived 
from  metal  bands  and  anchors  was  neglected  in  many  such  walls, 
as  in  much  other  masonry  in  San  Francisco;  a  large  number  of  them 
fell,  therefore,  during  both  the  earthquake  and  the  fire,  particularly 
those  laid  in  common  mortar.  This  was  also  a  common  fate  of 
unsupported  gables  and  towers.  Walls  that  were  well  anchored,  as 
in  the  Union  Trust  Building,  remained  in  perfect  condition. 

Cast-iron  cohunns  in  some  buildings  endured  the  earthquake  and 
tlie  fire  fairly  well,  l)ut  undoubtedly  would  have  been  broken  or 
shattered  had  cold  water  been  thrown  uptm  them  in  the  midst  of  the 
great  heat.  They  should  no  longer  be  used,  for  at  present  they  cost 
more  than  steel  for  an  equal  factor  of  safety,  and  their  connections 
are  clumsy  and  weak. 

Structures  made  of  concrete  ])locks  were  as  a  rule  greatlv  damaged 
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or  even  ruined  by  the  eartlujuake,  uwin^  to  inijierfect  anchorage  lunl 
failure  to  cohere  at  their  joints  (PI.  XVII,  .1). 

Granite,  sandstone,  and  marble  were  badly  cracked  and  spalled  by 
the  fire,  much  of  the  marble  crumbling  to  powder.  The  granite  piers 
in  the  front  of  the  Hobart  Building  were  nearly  all  chipped  away, 
and  they  are  now  reenforced  by  new  tem})orary  supports. 

Chemical  fire  extinguishers  were  effectively  used  innnediately  after 
the  earthquake  in  some  of  the  uptown  residences,  thereby  preventing 
an  increase  in  the  number  of  fire  centers  at  the  beginning  of  the 
conflagration.  It  is  possible  that  numerous  vhemical  engines  and 
locally  installed  chemical  extinguishing  plants  in  the  downtown  dis- 
tricts might  have  greatly  limited  the  spread  of  the  flames,  despite 
the  dearth  of  water. 

FINAX.  COXCIA  SIOKS. 

EARTHQUAKE  PROTECTION. 

A  proper  foundation,  stable  and  firm,  is  of  vital  importance, 
and  particularly  on  soft,  marshy,  or  made  ground  (Pis.  XLIII,  />/ 
XLIV,  .1).  Anchoring,  bonding,  and  tying  should  be  practiced 
with  exactness  in  all  masonry.  Steel  framing  should  be  made  heavier 
rather  than  lighter,  and  joints,  connections,  bracing,  and  flooring 
should  be  strongly  united.  Girders  and  columns  should  be  made 
very  stiff  and,  where  practicable,  continuous. 

FIRE  PROTECTION. 

The  lessons  taught  by  the  great  fires  of  Boston,  Chicago,  and  Bal- 
timore have  been  verified  by  San  Francisco's  experience. 

Fireproofing  should  be  of  the  most  jierfect  type,  and  no  reasonable 
expense  should  be  spared  in  its  installation. 

Roofs,  roof  appurtenances,  and  skylights  should  be  given  ample 
protection  against  fires  from  without.  A  great  excess  of  fire  hos(» 
and  apparatus,  l>eyond  ordinary  needs,  should  be  available.  A  strong 
bond  for  fireproof  tiling,  etc.,  for  both  girder  and  column  protec- 
tion, is  essential.  Protection  for  front  windows,  as  well  as  for  side 
and  rear  ones,  is  of  vital  importance.  Good  protection  for  steel 
frames  and  steel  roof  trusses  in  attics  or  other  exposed  or  unusual 
places  should  be  provided.  Liberal  use  should  l)t»  made  of  fire  retard- 
ant  in  windows,  doors,  transoms,  etc.  Wise  and  liberal  use  of  con- 
crete and  reenforced  concrete  for  girder  and  column  firei)roofing  has 
proved  its  saving  quality.  Interior  fire  protection  and  prevention  l)y 
wells,  pumps,  sprinklers,  and  water  tanks  vastly  lessen  fire  risk. 
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Fault  trace,  antiquity  of 2,  10.  131 

appearance  of 5 

views  of Pis.  I.  II.  Ill 

character  of.  diagram  showing  _  4 

conduit  crossing,  views  of Pis.  IX,  X 

description   of 4-0 

dam    on.    effects    of    earthquake 

on 19 

views  of Pi.  XI 

distances  from,  to  towns,  etc 6 

earth  movement  along 4. 

5,   17,  20.  132-133 

views  showing Pis.  I,  II 

extent  of 2.  4.  10.  16-17.  131 

fence  crossing,  view  of Pi.  I 

map  of 3 

mapping   (previous)    of 10 

offset   In 5 

view.s  of Pis.  I,  IX 

reservoirs  on,  damage  to 10-19, 

114-115 

road  crossing,  view  of Pi.  I 

telescoping  along,  view  showing.    Pi.  IX 
fire  also  Faulting. 
Faulting,  earthquakes  due  to.-  2.  10,  15-10 
prevalence  of.  on   Pacific  coast-  15 
place    of,    surface    or    subterra- 
nean    2 

time  required  for 11 

See  a  ho  Fault  trace. 

Fire,   protection   against 51-50, 

119-124.  120-129.  157 
fire  also  San  P'rancisco,  fire  In  ; 
San  Francisco  fire. 
Fire    extinguishers,    chemical,    value 

of 157 

Fire  I'nderwriters.  National  Board 
of.  reiK)rt  of,  on  fire 
hazard  in  San  Fran- 
cisco    49-51 

64.  139-140 
Fireproof    buildings     in    San     P'ran- 

Cisco,  character  of 52 

conditions    surrounding 50,04 

damage    to 51-52.60 

protection   of 128-129 

7171— Bull.  324—07 12 


I'mge. 

Fireproofing.  cost  of 149,  UtO 

general  inadequacy  of 119,  14^0,  147 

imperfections   of,   In    San    Fran- 
cisco—  52-54.  71-74,  147-i^ 

insurance  rates  reduced  by 155 

materials    for 52-,54.  147-150 

protection  afforded  by,   percent- 
age   of 78 

recommendations  concerning 55 

119-122.  157 
t<ec      also      Brick ;       Concrete ; 
Metal  laths ;  Tiles,  etc. 

Fissures,  creation  of 133 

views    of Pis.  Ill,  IV 

Flood    Building.     Ute    Japnes    Flood 
Building. 

Floors.  l>ehavior  of pASsIm  31-48 

73.  76-108 

l)ehavior  of,  views  showing-    IMs.  XXVI, 

XXVII,   XXIX 

recommendations  on 125,  155 

F'ortiflcations,  damage  to 03,  114 

Foundations,  importance  of 67,59, 

133,  135,  143,  151 
F'rame  buildings.     See  Wooden  build- 
ings. 


Ct. 


<;eologlc     formations,     character    of, 

influence   of 12,133-1.36 

(iilbert,  (h  K.,   photographs  by Pis.  I. 

III-VIII 
report  hy,  on  the  earthquake  as 

a  natural   phenomenon.     1-13 

work     of XI 

carders,  fire  protection  of 73-74,  119 

(ilrls*  high  school,  damage  to 26-27 

O'ass,  wire,  behavior  of__   80,  123.  154,  150 

l)eliavior  of.  view  showing PI.  LX 

Golden  Gate  Park,  damage  in 29-30 

(tovernment  lulidings,  damage  to-_  32.42. 
44-45.  69,  78,  151 

views    of Pis.  XXVIII, 

XXXVIII.  XLIII,   XLIV 

(ininite,  damage   to 53,92,157 

damage  to,  views  showing-   Pis.  XXIV. 

XXXVI 

Grant  Building,  damage  to .3C^.38,  93 

Gravity,  earth  movement  due  to 8 

(^.ravlty  waves,  propagation  of  10-11.12-13 
(ireek  Theater,  immunity  of 25 

II. 

Iltrtinemann    Medical    College,    dam- 
age   to 27 

Ilayward  Building,  damage  to 40 

IIIl>ernin    Savings    and     Ix>an    Soci- 
ety's  building,   damage 

to .38.108 

view  of PI.  XXXVII 

High     school     building,     San     Jo«e, 

damage  to,  view  of--  Pi.  XIII 

Ilimmeiwrlght.  A.  L.  A.,  photograph 

by PI.  XXXVr 
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Ilobart  building,  damage  to 38-39 

view   of PI.  XXXVl 

Hollow  tile.     8cc  Tiles. 

Holmes.  J.  A.,  preface  by xi-xii 

Home  store,  Pittsburg,  comparison  of 

fires  at  Kmporlum  and-  91 

Hotel  Hamilton,  damage  to 38 

view    of PI.  XXXVI 

House,   splitting   of 20 

•    splitting  of,  view  showing PI.  X 

Howard  street,  ruined  buildings  on, 

view  of PI.  LIII 

settling   in 26 

view  showing PI.  VI 

Humphrey,  II.   L.,  experience  of xi 

maps  by Pla.  LVI,  LVII 

photographs   by Pis.  II,  VI.  X- 

XXV.  XXVII-XXX.  XXXIV- 
XLV,     XLVIII,     L.    LII-LIII 
report    by,   on   effects   of  earth- 
quake     and      fire      on 
structures    and     struc- 
tural  materials 14-01 

work  of 14 


I. 


Illustrations,  sources  of iv 

Insurance,  earthquake,  need  for 120 

Intensity,  earthquake,  dehnitlon  of-         12 

distribution  of 12-1:? 

factors  governing in2-l.'i<» 

maximum  of.  region  of--  2,  4,  132-13:t 

scale  of - 10.  vn 

variations    In 60,  75.  100 

Inyo  earthquake,  cause  of 2 

Iron  arches,  expansion  of 36.87-88 


Jackson    Brewing    Company's    build- 
ing, damage  to t\\) 

view  of PI.  XXXVIl 

James  Flood  Building,  damage  to__         37, 
78,  02-03.  14.5,  146-147.  148 

views  of Pis.  XXXIII,  XXXV 

Japan,  gravity  waves  In 13 

Jerklness,  causes  of 11-12 

Justice.    Hall   of,    nt    San    Francisco, 

damage  to 30.03 

view   of Pl8.  XXXV.  XXXIX 

Justice,  Hall  of,  at  Sun  .lose,  wreck 

of,   view   of PI.  XII 

K. 

Karam  Building,  damage  to 30-40,  0:> 

Kelly.  William,  Information  from 124 

Key  monument,  damage  to L'O 

view  of PI.  XX 

Kohl  Building,  damage  to 40,  04.  l.-iii 

L. 

Labor  unions,  attitude  of 00.  120,  l.">0 

Lake    Honda    roHorvolr,    conduit    to, 

destruction  of 18 

damage   to 19,  115 


Page. 

I^andslips,  production  of 8 

Laths,  metal,     dee  Metal  laths. 

Lawson,  A.  C,  faults  traced  by 16 

photographs  by Pis.  VIII.  XIII 

Lee  Brothers,  building  of,  view  of.  V\.  XVII 
Leiand    Stanford    Junior   University, 

damage   to 22-24, 

75.   112-114,  133 
damage   to,  views  of_   Pis.  XIV-XVIII 

geologic  conditions  at 15 

Leuschner,  A.   O.,   on   San   Francisco 

earthquake 143 

Life,    loss   of 60-61,153 

Light-houses,  damage  to 63 

Los  (Jatos,  tunnel  near,  damage  to 20 


M. 


.Made  ground,  conduits  In 118 

moLvement  of 8.  13.  15,  21.  133 

effect  of,  on  structures 15, 

10,  20,   56,   115-116,   1.3.3,   135 

views  of Pis.  V,  VI 

sewers  In 118 

See    also    Settling    of    ground; 
Earth. 

Mains  and  conduits,  damage  to 18-19, 

115-116,  133 

damage  to,  views  of Pis.  IX.  X 

repair  of 117-118 

Majestic  Theater,  damage  to 40 

view  of PI.  XXXIX 

Marble,  destruction  of 53,  157 

Marston  Building,   lessons   from 152 

Marx,  C.  D.,  and  Wing,  C.  B..  report 

of 03.   114-116 

Masonry.      Sec     Stonework ;     Brick- 
work. 

Materials,  structural,  l)ehavlor  of 51-55. 

71-76 
See  also  particular  matcriaU ; 
Structures,  artificial. 
Mercantile  Trust  Co.'s  building,  dam- 
age   to 40 

Merchants'   Exchange  building,  dam- 
age to 41,94-95 

view  of PI.  XL 

Metal    (expanded)    and  plaster,   fire- 
proofing  by 40. 

45,  47,  03.   104.    110,   148-149 

partitions,  ceilings,  etc.,   of 44, 

47.  77,  00.  104 
Metal  laths  and  plaster,  behavior  of. 

views  showing--  Pis.  XXXIV, 
X LI.  XLVIII 

fireproofing  by 38. 

30.  73-74.  03.  148-140 

partitions  and  ceilings  of 43,46,92 

Mill  construction,  definition  of 66 

failure    of 30,  00-01.  152-153 

view  showing PI.  XXXII 

Mills   Building,  damage  to__   41-42.78,148 

damage  to.  views  of Pis.  XL,  XLV 

.Mills  College  for  (Ilrls.  damage  to__  25 

damage  to,  view  of PI.  XX 
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Mint.  United  States,  damage  to 42, 

05-96.  154-155 

view  of PI.  XXXVIII 

Mission,  Tlie,  section  of  city  known 

as 137 

Mission  Dolores,  new.  damage  to —  27 

old.  view  of PI.  XXIII 

Mission    Htroet,    earth    slip   on,    view 

showing PI.  XLIII 

Monadnock  Building,  damage  to 42.96 

repairs   to 42-4,'i 

Monterey,   damage  at 21 

Montercv  Bay.  effects  of  earthquake 

at 21 

Mosaic  ceilings,  behavior  of 45 

Mountain-making  forces,  earthquakes 

due   to 2 

See  also  Tectonic  earthquakes. 

Mud,  movement  of 8-9 

See  also  Eartji. 

Murphy  Building,  damage  to 43 

view  of PI.  XLI 

Mutual  Life  Building,  damage  to___   43.  96 

view  of PI.  XLII 

Mutual  Savings  Bank,  damage  to —       108 

X. 

New  Madrid  earthquake,  cause  of 2 

Ninth  street,  earth  flow  on.  view  of  _     PI.  V 

O. 

Oakland,  damage  at 25,  112,  133 

Omorl,   F.,  on  earthquakes 59.  132,  143 

Ornamentation,  loss  on 52-53.  127,  154 


P. 


Pacific    States    Telephone    and    Tele- 
graph    Co.'s     building, 
damage    to_   4.3-44.  96-97.  155 
view  of PI.  XLI 

Pajaro    River,    railroad   bridge   over, 

damage   to 20 

damage  to,  view  of PI.  XI 

Palace  Hotel,  damage  to 26.  97.  149-1.50 

views  showing Pis.  XXX.  LII 

Palo  Alto,  damage  at 24.114 

geologic  conditions  at 15 

See  also   Leland    Stanford   Jun- 
ior University. 
Partitions,   behavior  of.     See   Metal 
laths ;      Terra     cottn ; 
Tiles,  etc. 

general   character  of 52.72-73.94 

recommendations  concerning 55, 

125.  127-128 

Pike  (All>ert)  Memorial,  damage  to_  26 

Pilarcitos  conduit,  damage  to_    18.115.1.33 

damage  to.  views  showing. .    Pis.  IX.  X 

Pilasters,   shearing  of 85.96 

stripping  of,  view  showin'^ PI,  XII 

Piles,  buildings  on.  damage  to 28.  135 

Pipes  on  columns,  damage  due  to 45 

52.  80.  148 

Plaster  of  Paris,  effect  of  fire  on 31 

effect  of  fire  on,  view  showing-    PI.  XXV 


Page. 

Plastering,   imperfections  of 88 

Plumb,  difficulty  of  building  in_   82-83.  130 

Point  Arena,  fault  trace  at 2 

fault  trace  at.  map  showing 3 

Point  Delgada,  fault  trace  at 2 

Point  Reyes,  fault  trace  near,  views 

of Pis.  1.  Ill 

I'ost-office  building,   damage  to 44-45, 

97-103 

settlement   at 99 

views  of Pis.  XLlI,  XLIII,  XLIV 

IHibllcatlons  on  earthquake,  list  of_  1.59-161 


R. 


Rafters,  thrust  of,  damage  from 114 

damage  from,  view  showing. _   Pi.  XIX 
Railroads,  damage  to 20,  21 

damage  to,  view  showing PI.  XI 

Records,  hall  of.  San  Francisco,  dam- 
age  to 36,89 

Records,   hall   of,   Santa   Rosa,   ruins 

of,  view  of 1 PI.  XIV 

Redwood,  damage  at 114 

Reed,    S.    A.,    on    fire    In    telephone 

building 97 

Reservoirs,  damage  to 18-21,  114-116 

See  also  Water-supply  systems. 
Rhythm     of     earthquake,     character 

of 11-12 

Rlalto  Building,  damage  to 45,  103 

view  of IM.  XLVllI 

Rivets,  importance  of 144 

shearing  of,   view  showing.   PI.  XLVII 
Roberts.  J.  W.,  aid  of 44,97-98 

S. 

Safes,  failure  of 53,69-71,124 

failure  of,  view  showing-^ Pi.  LII 

Sailors'  Home,  damage  to 27 

St.  Dominic  Cathedral,  damage  to..  27 

St.   Francis   Hotel,  damage  to 45-46, 

103-104 

Salinas,  damage  at 21,133 

geologic  conditions  at 15 

Salinas  River,  effects  of  earthquake 

near 21,133 

effects  of  earthquake  near,  view 

showing PI.  VIII 

Salt  -  water      mains,      establishment 

of 117.139,153 

San  Andreas  dam,  damage  to..   18-19,  115 

San,  Francisco,  area  of 134 

building  code  ln__   .50-51,59-60,65-66 

buildings  In.  character  of ,30.  ,50, 

.52,   59,   65.    134-136.    139-142 

classes    of 65-66 

relative  damage  to 57-58 

fire      underwrlt«*r8'      report 

on 49-.50,  64,   139-140 

height    of 142 

recommendations  for 124-129 

Sec    also    Structures,    arti- 
ficial. 

description   of 141-142 

earthquake.  In,  damage  by 25-48, 

72,  112,  142-145 
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Ban    Kranclaco.   earthquake   In.   dam- 

BRe  by,  reasons  for_   26.  r»8.  142 
earthquake    In.    damage   bj-.    re- 
lation   of    fire    damage 

and 06,  74.  153 

effect     of.     on     walls.     See 
Cracks. 

lessons  of 56-59 

loss  of  life  in 50-60,  1.53 

See     alfto      San      Francisco 
earthquake. 

fire  department  of 51, 140.  153 

chief  of.  death  of 137 

fire  hazard  In.  underwriters'  re- 
port    on__   40-51.  64.  139-140 

fire  in,  normal  loss  by 40.  136.  130 

normal     loss     by.     reasons 

for 138-1.30 

8er  ul9o  San  Francisco  Are. 
fireproof  buildings   In.   behavior 
of.        See        Fireproof 
buildings. 

foundation  material  of 25.  134-136 

map  of.  showing  burned  area.  PI.  LVI 
showing  whole  city,  burned 
area,    water    conduits. 

etc PI.  LVII 

panorama   of PI.  T.V 

population  of 1.34 

rebuilding    of 50-60,61.116-117 

recommendations  for 124-120 

surviving  buildings   in,   descrip- 
tions   of 31-48,76-112 

view  of,  from   Pine  and    Powell 

streets PI.  LV 

from  Telegraph  TIlll PI.  LIV 

water  supply  system  of 17-18, 

10-20,  .50.  1.30 

damage  to 18-20.  137 

causes   of *  10 

future  prevention  of 10-20, 

55,  153 

fire  underwriter.s*  report  on_         50, 

117. 139 

map  showing PI.  LVII 

recommendations    on 117,  153 

San  Francisco  earthquake,  beginning 

of.  point  of 132 

bibliography    of 1.50-161 

cause  of 2,132 

consideration    of.    as    a    natural 

phenomenon 1-13 

damage    by 17-25, 

30-48,  72-116,  1.50-152 

date    of 14,131 

direction  of 17,  1,30 

duration   of I6,  131-132 

effect  of.  on  surface  material, _        7-0 

extent   of 2.4,10.16,132 

map  showing 3 

intensity  of.     Sec  Intensity. 

movements  in,  character  of 10-12, 

17,26 

direction  of 17.  132 

extent   of 4-5.10,17,132.143 

KfT   alHu   Fault    trace. 


Page. 
San    Francisco    earthquake,    publica- 
tions on 159-161 

shocks  In.  numlier  of 16,  131 

velocity    of 17 

vibrations    in ^  10-12.  17 

Sec  iiUn  Fault  trace ;  Faulting ; 
San    Francisco,    earth- 
quake    in :     and     par- 
ticular   foirns. 
San    Francisco    fire,    comparison    of 

other  fires  and 51 

damage    by 30-48,  50-60.  61,  66, 

69-108,  126-127,  146-1.50 

Insurance   for .50 

loss  from 1.38,  1.53 

relation  of  earthquake  dam- 
age and 66.74,153 

See    also    Structures,    arti- 
ficial. 

description    of _^ 1   136-1.30 

fireproof   buildings  In.     Sec  Fire- 
proof buildings. 

heat  of 51,68-69 

lessons    of 56-59 

loss    from 1.38.  15.3 

magnitude   of 49,137-138 

maps    showing Pis.  LVI,  LVII 

wind    caused    by 137 

Sec  also  San  Francisco,  fire  In. 
San     Francisco     Gas     and     Klectrlc 
Light  Co.,  buildings  of, 

damage    to 27-28 

San  Jose,  damage  at 21-22,  133 

damage  at,  reasons  for 22 

views    showing Pis.  XII,  XIII 

geologic  conditions  at 15 

reservoir  of.  damage  to 21.  116 

San  Juan,  fault  trace  at 2 

San  Mateo,  dam  near,  escape  of 19 

dam   near,  view  of PI.  XI 

Sandstone,  damage  to 5.3,02-03.157 

Santa  Rosa,  damage  at 24-25,  133 

damage  at,  reasons  for 25 

view    showing PI.  XIV 

geologic  conditions  at 15 

Snnta  Rosa  Valley,  earthquake  in__  4 

Saratoga  reservoir,  damage  to 21,  116 

Schussier,   Herman,   aid  of ^ is 

Scott  Building,  damage  to 46 

Searsvllle  dam,  immunity  of 10,115 

Security  Savings  Bank,  damage  to__  46 

Settling  of  soil 0.21.44 

effect    of 15.  26,  32.  77 

views    of Pla.  IV. 

VI,  VIII,  XXV.  XLP.  XLIV 
See  also  Made  ground  ;  Earth; 

Sewell,  J.  S..  experience  of xi 

photographs    by Pis.  XXI. 

XXV,         XXVI.         XXVIIL 
XXX.       XXXII.       XXXIII, 
XXXV.   XXXVIII.   XXXIX. 
XLIII.     XLIV.     XLIX,     LV 
report   of,    on    effects   of   earth- 
quake and  fire  on  build- 
ings, engineering  struc- 
tures,    and     structural 

materials 62-130 

work    of 0*2 


Digitized  by 


Google 


INDEX. 


1(>9 


Page. 
Sewera,  recommendations  regarding-       118 

Shnfta,  nir,  danger  from 155 

view   of IM.  XLIX 

Shreve  Building,  damage  to 46,104 

Shutters,   Importance  of-   122-124,  154-155 

use  of,  in  San  Francisco 123-124 

8Ioane  Building,  damage  to 47.  104 

view  of PI.  XLIX 

Slow-burning  construction.     See  Mill 
construction. 

Smokestacks,  damage  to 112 

views  of Pis.  XIII,  LIII 

Soil.       Svc    Earth ;     Made    ground ; 
Settling. 

SoultV  Frank,  experience  of xi 

photographs  by Pis.  IX. 

XII,  XXXI.  LIII,  LIV 
report  by,  on  the  earthquake 
and  fire  and  their  ef- 
fect on  structural  steel 
and  steel-frame  build- 
ings     131-158 

Southern    Pacific    Railroad,    damage 

to 20.114 

damage  to.  view  showing PI.  XI 

Spreckels      (Claus)      Building.      Sec 

Call  Building. 
Spreckel's       sugar       mill,       damage 

to 21 

damage  to,  view  showing PI.  XII 

Spring    Valley    Water    Co..    building 

of,  damage  to 47. 

78.  104-105 
building    of,    damage    to,    views 

of Pis.  XLV.  L 

vault   In 70 

conduits  and  mains  of,  damage 

to 62-03,  115-116 

damage     to,     views     show- 
ing  Pis.  IX.  X.  XI 

dams  of.  damage  to 62,  114-115 

Stairways,   l)ehavior  of 105 

Stanford      University.     See     Leland 
Stanford    Junior    T^ni- 
verslty. 
Steel,  structural,  reliability  of  _—    145-146 

Sleel  bands,  effect  of  fire  on 31-32 

effect    of    fire    on.    view    show- 
ing     PI.  XXIX 

Steel  buildings,  effect  of  earthquake 

on 57-58.  75-76. 

130,  136.  142,  144,  151-152 
effect    of  earthquake   on,    views 

8howlng.__    Pis.    XV.  XXXIII 

effects  of  fire  on passim  .30-49. 

76-112.  146-147 

view  showing PI.  LI 

flreproofing    of.     See    Fl reproof- 
ing. 

Joints  In.  damage  at 75-76 

Stone  buildings,  effect  of  earthquake 

on 22-24. 

57.  58.  74.  75.  85.  112-113 
effect    of    earthquake    on,    view 

showing PI.  XII 


Page* 
Stone-veneer  buildings,  damage  *o  _-  22-24, 

58.   113,  145 
Stonework,  effect  of  earthquake  on-         53, 

74.  75,   145 
effect    of   earthquake    on.    views 

showing.   Pis.  XXXIII.  XLIV 
effect    of    fire    on.    views    show- 
ing ___  Pis.  XXXVII-XXXIX 

essentials    In 50 

Stow    Lake,    bridge    over.    Immunity 

of 30 

Structural  materials,  behavior  of —  51-55. 

71   76 
See  also  particular  material. 
Structures,  artificial,  classes  of,  rela- 
tive damage  to 57-58, 

74-75.   150-152 

yacks   In 26,74,75 

defects  prevailing  In 60 

comparative  endurance  of,  view 

showing PI.  XIII 

essentials  of,  for  resisting  earth- 
quake and  fire 15, 

56-59.  116-118.  124-126.  157 

failures  of.  causes  of 58,  150-1.52 

fire  risk  of 153-154 

protection  of.  against  fire 51-56. 

119-124,  126-129,  157 

against   outside   fires 54-55 

surviving,  descriptions  of 31-48 

susceptibility  of.  to  earthquake^         12. 

15.  75 

water   supply   for 54-55.122.128 

Sec  also  Concrete ;   Stone :   Tall 
buildings,  etc. 
!   Structures,    artificial.    In    San    Fran- 
cisco,   effect    of    eartli- 

quake  and  fire  on 25-48, 

69-112 
See  also  particular  structures. 
Structures,     artificial,     outside     Snn 
Francisco.       effect      <»f 

earthquake    on 17-25, 

63.  112-116 
See  also  particular  places. 
Subtreasury,   United   States,   damage 

to 47 

Surface  material,  movements  of 7-9 

Synagogue  Emanuel,  damage  to 26 

view  of PI.   XXI 


Tall  buildings,  properly  built,  safety 

of 58,  75,  129.  152 

recommendations   on 124-125 

Tanks,  survival  of.  view  showing.  PI.  XIII 

wrecking  of 21,  110 

Tectonic  earthquakes,  character  of__    15   16 

Temperatures.  rang««  of 51.68  69 

Terra  cotta.  ornamental,   failure  of. 

view  showing PI.  XXVIII 

See  also  Tiles,  terracotta. 
Thiele  Building,  destruction  of 24 

ruins  of,   view  of PI.  XIX 
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Tie.  lack  of.  results  of.  views  show- 
ing  Pis.  XVI.  XIX 

value   of.   view   showing PI.  XVII 

Tiles,     terra-cotta,    behavior    of,     in 

floors,  partitions,  etc.   passim 

:{5-48,  73-9.5,   101- 

102,         10.5,         1.30 

behavior  of,  views  showing-   Pis.  XLV, 

XLIX.  L 

flreproofing    by passim 

.32-37,   46-.">4.    70-9,5. 
llJV-120,       148,       156 
failure  of.  consequences  of, 

views  showing Pis.  XXVI. 

XXVII.  XL,  XLII,  XLV 

quality  of,  on  Pacific  coast 52 

use  of,  in  San  Francisco.  120-121,  148 

varieties    of ^    148 

Tomales  Bay,  mud  bottom  of,  grav-  ' 

ity    waves   in 13 

mud  bottom  of,  shifting  of 8 

views  of Pis.  VII.  VIII 

Trees,  splitting  of 20,133 

splitting  of.  view  showing PI.  II 

Trim,    loss  on 52-.5.3,  127,  154 

Tunnels,  railroad,  damage  to 20.  «2 

I'. 

Union  P>rry  Building,  damage  to 28-29 

105-107,  135 
damage  to.  views  showing-   Pis.  XLVI, 

XLVII 
I'nlon  Savings  Bank,  damage  to__  1.36,  145 
Union   Trust   Co.'s  building,   damage 

to 47-48,108 

view  of 1*1.  li 

University  Mound  reservoir,  conduit 
to  and  mains  from, 
damage    to 18 

V. 
Valencia  street   power  station,  dam- 
age to,  view  showing-   PI.  LI  1 1 
Vandervoort    Brothers'   building,   de- 
struction of 24 

view  of PI.  XIX 

Vaults,  failure  of 53.60-71.124 

failure  of,  views  showing Pis.  XXIX. 

LI  I 

survival  of,  view  showing 1*1.  LI  I 

A'ibrntions,    character  of 10-12 

direction  of 17 

propagation  of,  velocity  of 17 


Page. 
Volcanic     action,     earthquakes     due 

to 2,1.5-16 

Volkman  building,  damage  to 48 

W. 

Walker,   M.  L..  information  from 124 

Water,  effect  of  earthquake  on 9 

individual  supply  of .54-55. 

122,  128,  1.54 
ease    of    obtaining,    in    San 

Francisco 122 

^\ater-supply  systems,  character  of_  17-18, 
19-20.  21,  139 

damage  to 18-21,117 

prevention  of 19-20, 

55,  .56.  117-118,  153 

reasons   for 19 

Water  tower,  damage  to 116 

Waves.     See  Earthquakes. 
Wellington,     G.     J.,     report    of,    on 

fire 140-141 

Wells-Fargo  Building,  damage  to —         48 

views  of I'ls.  XLIX.  LII 

Whittell  Building,  lessons  from 152 

Wind,  production  of.  by  fire 137 

Wind     bracing,     earthquake     shocks 

taken  up  by 144 

Wing,  C.  B.,  and  Marx,  C.  I>..  report 

of 63.114-116 

Wire  glass,  behavior  of---  80,  123,  154.  156 
behavior  of,  view  showing--  PI.  XLIX 
Wire    lath    and    plaster,   fireprooflng 

by-    38.  41,  48.  94.  119.  148-149 
fireprooflng  by,  failure  of.  view 

showing PI.  XXXVI 

partitions  of 42,  46.  4S.  94 

Wooden    buildings,    effects   of   earth- 
quake  on 21, 

57,  60,  110.  135,  151 

essentials    in 59,  111 

ruins  of,  views  of PI.  XIV,  LIII 

Woodwork,    loss   on 52 

Woodwork,    metal-covered,    behavior 

of    40.5,3.1.54,1,56 

Wrights,  house  near,  splitting  of 20 

house    near,    splitting    of,    view 

showing PI.  X 

tunnel  near,  damage  to 20 
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Young  Building.      iSfc  Altna  Building. 
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CLASSIFICATION  OF  THK  PrKLICATIOXS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Bulletin  No.  324.] 

The  publications  of  the  United  States  Geologic*al  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Pai)erH,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United  States — folios 
thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the  others 
are  distributeii  free.     A  circular  giving  complete  lista  can  be  had  on  application. 

Most  of  the  above  publications  can  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
can  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress  for 
distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  can  be  had  at  prices  slightly  alxjve  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  Unite<l  States,  where  they  can  becimsulted 
by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subje<'ts,  and  the  total  number  issued  is  large.  They  have  therefore  l^een  cla^^sified 
into  the  following  series:  A,  Economic  geology;  H,  Descriptive  geology;  C,  System- 
atic geology  ami  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  MiscellaneoiLs;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  i)ower;  O,  Underground  waters;  P,  Hydrographic  i)rogress  reports; 
Q,  Fuel.<;  R,  Structural  materials.  This  paper  is  the  first  in  Series  R  and  bears  the 
following  title  (B=Bulletin): 

.SERIES  R.  HTRI'CTURAL  MATERIALS. 

B  .^21.  The  San  Franc  i.soo  earthquake  and  fire  of  April  18,  1906.  and  their  eftevts  on  htnuturcM  and 
.•itnietural  materials;  reports  by  G.  K.  Gilbert,  K.  I.  Humphrey,  J.  S.  Sewell,  and  Frank 
Souli^,  with  preface  by  J.  A.  Holmes.    1907.    170  pp.,  57  pis. 

Correspomlence  should  l>e  addressi^l  to 

The  Dikkctor, 

UxiTKi)  Statfm  Geol<m;kai.  Sl'rvev, 

Wa.shin(;ton,  I).  U. 

Arta  ST,  1M07.  i 
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A.     ROAD  CROSSING  FAULT  TRACE   NEAR  POINT  REYES  STATION. 
Looking  southwest.     Offset,  20  feet.     Photograph  by  G.  K.  Gilbert. 


n^ 

II 

iH^^^^^^^^^V              ^1 

n.     FENCE  PARTED  BY  EARTHQUAKE  FAULT. 

The  fault  trace  or  fracture  accompanying  the  earthquake  is  inconspicuous,  although  the  horizontal  displace- 
ment is  considerable.      Photograph  by  G.  K.  Gilbert. 

EARTHQUAKE    EFFECTS    ALONG    THE    FAULT    TRACE. 
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REDWOOD  TREE  6  FEET  IN  DIAMETER  ON  LINE  OF  FAULT  SOUTH  OF  FORT  ROSS. 

The  troe  was  split  to  a  height  of  35  feet,  althougn  the  horizontal  displacement  was  slight.  The  opening 
is  weilge-bhapod  at  tne  base,  running  from  a  wiiirh  of  8  inches  on  the  side  shown  to  a  fine  cracU  on  the 
farther  side.      Photograph  by  Richard  L.  Humphrey. 
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THE    FAULT    TRACE    NEAR    POINT    REYES    STATION. 

,1,    Look.n»j  northwest;    li.   Looking  southeast,      Pr  otogMphs  by  G.  K.  Gilbert. 
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A.     SECONDARY  CRACKS,  SHORE  OF  BOLINAS  LAGOON. 
Photograph  by  G.  K.  Gilbert, 


Jl.     SECONDARY  CRACKS,   WITH  SETTLING,   BOLINAS. 
Photograph  by  G.  K.  Gilbert. 
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RESULTS  or   EARTH   FLOW.   NINTH    STREET.   SAN   FRANCISCO. 

Photograph  by  G.   K.  Gilbert. 
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A.     SETTLING  (5  FEET)  ON  DORE  STREET,  BETWEEN  BRYANT  AND  BRANNAN  STREETS. 

SAN  FRANCISCO. 
Photograph  by  Richard  L.  Humphrey. 


JJ.      BUCKLING  CAUSED  BY  EARTH  FLOW.   HOWARD   STREET.   SAN  FRANCISCO. 

Photograph  by  G.  K.  Gilbert. 

EARTHQUAKE    EFFECTS    ON    MADE    GROUND. 
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SHIFTED    BOTTOM    OF    TOMALES    BAY. 

-I.    General  view;    /»',    Edge  of  new  ihoa!.      Photographs  by  G.  K.  G'lbert 
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A      EARTHQUAKE  RIDGES  ON  TIDAL  FLAT.  TOMALES  BAY. 

Photograph  by  G.  K.  Gilbert. 


;;.      SLIPPING  OF   ALLUVIAL   SOIL  TOWARD    SALINAS  RiVER. 
Gram  fifid  adjoining  read  along  rivc-r  betwetri  Sp'ecUeis's  sugar  rrill  and  Salinas.      Photograph  by  A.  C    LaA»on, 
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DAMAGE    TO    PILARCITOS    30-INCH     PIPE    LINE    BY    EARTHQUAKE. 

.4,  Offset;    /.',   Telescoping.      Pnoto^'rapns  submitted  by  Frank  S^'ul*?. 
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.1.     COLLAPSED  PILARCITOS  30-INCH  WROUGHT-IRON  PIPE  LINE.  NEAR 
TRESTLE  CROSSING  THE  FAULT. 

The  slip  produced  a  compression  on  the  pipe  line  which  buckled  it,  thereby  throwing  down 
the  trestle  support.  The  consequent  parting  of  the  pipe  line  suddenly  released  the  water 
fiom  the  pipe,  causing  a  vacuum,  which  brought  about  the  collapse.  Photograph  by 
Richard  L.  Humphrey. 


n.     HOUSE  ON  LINE  OF   FAULT,  TORN  ASUNDER  BY  EARTHQUAKE. 
Near  Wrights  Station,  on  Southern  Pacific  Railroad.     Photograph  by  Richard  L.  Humphrey. 
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^l.  EFFECT  OF  EARTHQUAKE  ON  THE  END  AND  THE  INSUFFICIENTLY  BRACED  CENTRAL 
PORTION  OF  A  BRICK  BUILDING.  SPRECKELS'S  SUGAR  MILL.  ABOUT  4  MILES  SOUTH  OF 
SALINAS. 

Note  the  stripping  of  brick  pilasters  from  steel  columns.     Photograph  by  Richard  L.  Humphrey. 


Ji.     EARTHQUAKE  WRECK  OF   NEW  HALL  OF  JUSTICE.   SAN  JOSE,   BUILT  ON  ALLUVIAL  SOIL. 
Wr*ck  due  to  poor  quality  of  stonework  and  unnec«?&sarily  massive  construction.      Photograph  by  Frank  S<^>ul6. 
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A       COMPARATIVE   EARTHQUAKE   ENDURANCE  OF  DISSIMILAR  STRUCTURES,  AGNEW   INSANE 
ASYLUM.   NEAR  SAN  JOSE. 

Tanks  on  steel  tresUe,  undamaged,  and  circular  brick  stack,  collapsed.      Photograph  by  Richard  L.  Humphrey, 


Jl.     EARTHQUAKE   EFFECT.   HIGH   SCHOOL  BUILDING.   SAN  JOSE. 

Photograph  submitted  by  Frank  Soulo. 
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A.     COMPARATIVE  BEHAVIOR  OF  REENFORCED  CONCRETE  AND  BRICKWORK  UNDER 
EARTHQUAKE  VIBRATION,   MUSEUM.   LELAND  STANFORD  JUNIOR  UNIVERSITY. 

The  central  portion,  of  reenforced  concrete,  was  undamaged,  but  the  brick  wings  collapsed.      Photograph  by 

Richard  L.  Humphrey. 


n.     COMPLETE  WRECK   BY   EARTHQUAKE,    COURT-HOUSE  AND   HALL  OF   RECORDS,   SANTA 

ROSA. 

Wreck  due  to  light  wooden  framing,  insufficient  bracmkr,  and  poor  mortar.      Photograph  submitted  by 
Richard  L.  Humphrey. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


U.   8.   GEOLOGICAL  SURVEY 


BULLETIN  NO.    924       PL.    XV 


.1.     UNDAMAGED  STEEL  FRAMEWORK  SUPPORTING  DOME  OF  LIBRARY. 


li.     COLLAPSE  OF  BRICK  WALLS,   CAUSING  DESTRUCTION  OF   STEEL  SKELETON   DOME  OF 

GYMNASIUM. 

ENDURANCE    OF    STEEL    FRAMEWORK    AS    AFFECTED    BY    METHOD 
OF    SUPPORT,    LELAND    STANFORD    JUNIOR    UNIVERSITY. 

Photographs  by  Richard  L.  Humphrey. 
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MEMORIAL    ARCH,    LELAND    STANFORD    JUNIOR    UNIVERSITY. 

A,  Before  the  earthquake  (photograph  submitted  by  Richard  L.  Humphrey);  //,  Earthquake  effect  i  photo- 
graph by  Richard  L  Humphrey  i.  The  beams  designed  to  stiffen  the  walls  were  rot  tied  1o  them  and 
helped  to  batter  them  down  when  the  shock  came. 
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COLLAPSE  DUE  TO  LACK  OF  TIE  BETWEEN  WALLS  AND  FRAME.   THIELE   BUILDING 
(CEMENT  BLOCK.,   PALO  ALTO. 
Photograph  by  Richard  L.  Humphrey. 


B.     COLLAPSED  TOWER  AND   GENERAL  EARTHQUAKE  WRECKAGE,   MEMORIAL  CHURCH, 

LELAND   STANFORD  JUNIOR  UNIVERSITY. 

Photograph  by  Richard  L.  Humphrt-y. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


U.    8.   GEOLOGICAL  SURVEY 


BULLETIN  NO.   324       PL.    XVIII 


.1.     EARTHQUAKE  DAMAGE  DUE  TO  LACK  OF  TIE  AND  BRACING.  GEOLOGICAL  DEPARTMENT, 
LELAND   STANFORD  JUNIOR  UNIVERSITY. 

Photograph  by  Richard  L.  Humphrey 


/;.     EARTHQUAKE   EFFECT  ON   ARCHES,    LELAND   STANFORD  JUNIOR   UNIVLRSITY. 
Spalling  of  caps  and  movement  of  upper  part  of  columr.j.      Photograph  by  Richard  L    Hutnprirey. 
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A.     ENDURANCE  OF  WALLS  TIED  TOGETHER  WITH  STEEL  RODS.  LEE   BROTHERS* 
WAREHOUSE.  SANTA  ROSA. 

Slightly  damaged  at  cornice.     The  few  blocks  which  were  thrown  down  by  the  earthquake  were  replaced 
previous  to  the  taking  of  the  photograph. 


J{.     WALL  THROWN   DOWN   BY   EARTHQUAKE  VIBRATIONS  OF  ROOF   TRUSSES  WHICH   WERE 
NOT  TIED  TO  WALL.  VANDERVOORT   BROTHERS'   LIVERY,   PALO  ALTO. 

EARTHQUAKE    EFFECTS    ON    CEMENT-BLOCK    WALLS. 

Photographs  by  Richard  L.  Humphrey. 
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A.     EARTHQUAKE  EFFECT  ON   STRUCTURE  OF  REENFORCED  CONCRETE  OF  POOR  QUALITY 
Cyclorama.  Strawberry  Hill,  Golden  Gate  Park,  San  Francisco.      Photograph  by  Richard  L.  Hurrphrey. 


//.     EFFECT  OF  EARTHQUAKE  ON  ADJACENT   BUILDINGS  OF  DISSIMILAR  TYPE  AND 
CONSTRUCTION, 

Old  Mission  Dolores,  San  Francisco,  undamaged.      Tower  of  nt^w  chwch  aciminmo;  was  so  badly  damatred 
that  It  had  to  be  taken  down.      Photograph  by  R  chard  L.  Hunnpnrey 
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.1.     SUBSIDENCE  OF  STREET  IN  FRONT  OF  >ETNA  BUILDING.   SAN  FRANCISCO. 
Photograph  by  John  Stephen  Sewell 


//.     FIRE  ENDURANCE  OF  CONCRETE,   ANNEX  OF  ACADEMY  OF   SCIENCES  BUILDING. 

SAN   FRANCISCO 

Reenforced-concrete  Vom  an.l  concrete-filled  cast-i'on  cMumns  with  plaster  covering.      Photograph  by 

R  chard  L    Humpnrcy. 
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.1.     EARTHQUAKE  ENDURANCE  OF   REENFORCED-CONCRETE   BUILDING.   BEKINS  VAN   AND 
STORAGE  COMPANY'S  WAREHOUSE.   SAN   FRANCISCO,   UNDER  CONSTRUCTION. 

The  only  budding  of  pure  reenforced-concrete  type  in  the  city.  The  brick  walls  composing  the  shell  of  the 
building  were  cracked,  but  the  reenforced-concrete  floors  and  columns  were  uninjured.  Photograph  by 
Richard  L.  Humphrey. 


//.  FAILURE  OF  TERRA-COTTA  COLUMN  COVERINGS,  RESULTING  IN  BUCKLED  COLUMNS; 
ENDURANCE  OF  CINDER-CONCRETE  FLOORS;  CENTER  OF  GROUND  FLOOR,  ARONSON 
BUILDING.  SAN  FRANCISCO. 

Photograph  by  Richard  L.  Humphrey 
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.1.     EARTHQUAKE   ENDURANCE  OF  A  WELL-CONSTRUCTED  BRICK  BUILDING:  APPRAISERS- 
WAREHOUSE.   SAN   FRANCISCO. 

The  walls  were  built  with  fuM-hoader  courses  and  show  only  a  few  slight  cracks,  although  the  building 
was  located  on  alluvial  soil.      Photograph  by  Richard  L.  Humphrey. 


li.     FAILURE  OF  ORNAMENTAL  TERRA  COTTA.  CROCKER  ESTATE   BUILDING,  SAN   FRANCISCO. 

This  terra  cotta  failed  though  solidly  filled  with  brick  mortar.  The  damage  shown  was  probably  due  to  firo, 
although  damage  of  this  kind  was  caused  by  both  earthquake  and  fne  Photogrd,jh  by  John  Stephen 
Sewoll 
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.1.     EARTHQUAKE  CRACKS  IN  WALL  OF  VAULT,   CALIFORNIA  CASKET 
COMPANY'S  BUILDING.   SAN   FRANCISCO. 

Photograph  by  Richard  L.  Humphrey. 


J{.     COLLAPSE  OF  FLOOR  PANEL.  CAUSED  BY  LOAD   FALLING  FROM  A  FLOOR  ABOVE.  THIRD 
FLOOR  OF  >ETNA  BUILDING.   SAN   FRANCISCO. 

The  failure  of  the  upper  floor  was  due  to  the  softcniny;  by  heat  of  reenforcm^^r  ^'vf']  ban,)^.      Photo^raphii 
by  Richard  L. "Humphrey. 
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COMPLETE    FAILURE    OF    SLOW-BURNING    WOOD    CONSTRUCTION, 
THE    EMPORIUM,    SAN    FRANCISCO. 

A  large  department  store.      ^1,    Interior  (photOk,'raph   by  John  S^eohen  Sewell  i;    Jl,    Extcnor  (photograph 
by  R.cnard  L.  Hun.ohrey   '. 
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A.     INCIPIENT  BUCKLING  OF  COLUMNS  FROM  HEAT.  FIRST 
STORY,  JAMES  FLOOD  BUILDING.   SAN  FRANCISCO. 

The  brick  filling  probably  saved  the  columns  from  fatal  buckling 
or  collapse.     Photograph  by  John  Stephen  Sewell. 


li.     FAILURE  OF   SUSPENDED   CEILING.   HALL  OF  JUSTICE,   SAN   FRANCISCO. 
Photograph  by  Richard  L.  Humphrey. 
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A.     STONEWORK  SPALLCD  BY  FIRE.  HIBERNIA  SAVINGS  AND  LOAN  SOCIETY'S  BUILDING. 

SAN  FRANCISCO. 

Photograph  by  Richard  L.  Hurr^phrey. 


li.     EARTHQUAKE  DAMAGE,  JACKSON   BREWING  COMPANY'S  BUILDING.   SAN   FRANCISCO. 

Light  walls,  badly  bonded  and  laid  up  with  poor  lime  mortar,  and  flimsily  conatructed  6tt.'el  work.     Photograph 

by  Richard  L.  Humphrey. 
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A      GOOD  EARTHQUAKE  ENDURANCE  OF  A  BUILDING  OF  THE    MONUMENTAL  TYPE:  UNITED 
STATES  MINT.   SAN  FRANCISCO. 

Showing  only  slight  damage  to  brick  stack,  probably  due  to  earthquake.     Photograph  by  John  Stephen 

Sewell. 


B.     SPALLING  OF  STONEWORK  BY  FIRE.   NORTHWEST  FRONT  OF  UNITED   STATES  MINT. 
Photograph  by  Richard  L.  Hurrphrey 
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A.     WRECKED  TOWER  AND  SPALLED  STONEWORK.  HALL  OF  JUSTICE.  SAN  FRANCISCO. 
Photograph  by  John  Stephen  Sewell. 


B.     COMPLETE  WRECK  BY  EARTHQUAKE,   DUE  TO  POOR  DESIGN,   MAJESTIC  THEATER. 

SAN  FRANCISCO. 
Photograph  by  Richard  L.  Humphrey. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by 


Google 


Digitized  by  VjOOQIC 


Digitized  by 


Google 


Digitized  by  VjOOQIC 


U.   8.   GEOLOGICAL   SURVEY 


BULLETIN    NO.    324      PL.   XUI 


Hi!;! 


A.     ROOF  TRUSSES  DAMAGED  BY  HEAT    THROUGH  FAILURE  OF  TERRA-COTTA  COVERING. 
MUTUAL  LIFE   BUILDING,   SAN  FRANCISCO. 

Photograph  by  Richard  L.  Humphrey. 


H.     EFFECT  OF  SETTLING  OF   GROUND   SUBJECTED   TO  EARTHQUAKE  VIBRATIONS, 
STEEL-FRAME  BUILDING  UNDER  CONSTRUCTION. 

The  concrete  basement  walls  were  not  reenforced.      Post-offico  in  the  background.      Photograph  hy 
Richard  L.  Humphrey. 
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-I.     CRACKS  IN  MASONRY.  PAVILION  OF  POST-OFFICE.  SAN 
FRANCISCO: 

The  window  reveal  and  sill  were  jostled  together  by  the  earthquake  at  the 
point  indicated  by  the  arrow.     Photograph  by  John  Stephen  Sewel'. 


J{.     EFFECT  OF  SLIP.   MISSION   STREET.   SAN   FRANCISCO. 
Corner  of  pos!-office  building  at  t^e  left.     Photograph  submitted  by  Richard  L.  Humphrey. 
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A.     CRACKS  IN  MASONRY  AND  SETTLING  OF  OUTER  TERRACE.  POST-OFFICE  BUILDING. 

SAN  FRANCISCO. 

The  surface  of  the  street  went  down  at  this  point  at  least  4  feet.     Photograph  by  John  Stephen  Sewell. 


Jt      EFFECT  OF  EARTHQUAKE   IN  LOOSENING  STONEWORK,   NORTHEAST  FACE  OF 
POST-OFFICE   BUILDING 

Pnotog'aph  by  Richard  L    Humpnrey. 
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FAILURE    OF    HOLLOW    TERRA-COTTA    TILE    FIREPROOFING. 

A,  First  story  of  Spring  Val'oy  Water  Company's  Buildin?,  San  Francisco  i  photntrr.iph  bv  John  Stt^phen  Sewell\ 
/;,  Mils  Building'  Sin  Ff  ir.r.sco  (phMi,,,rr3ph  by  Ricnard  L.  Hunnphrey).  Thu  lov^vr  web:,  of  the  fluor  tilea 
were  spalled  or  taken  entirely  off  by  the  fire. 
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A.     BRICKWORK  THROWN  DOWN  BY  EARTHQUAKE  VIBRATION. 
TOWER  OF  UNION  FERRY  BUILDING,  SAN  FRANCISCO. 

Note  bending  of  time-ball  shaft       Photograph  submitted  by  Richard  L. 
Humphrey. 


Ji.     EFFECT  OF  SEVERE  SHAKING  ON   WELL-BONDED    BRICKWORK  FILLED  WITH   GOOD 

MORTAR,  TOWER  OF  UNION    FERRY   BUILDING. 
Note  sagged  tie-rod,  stretched  by  the  racking  of  the  structure.      Photograph  by  John  Stephen  Sewell. 
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yl.  BUCKLING  OF  BASEMENT  COLUMN  DUE  TO  FAILURE 
OF  PLASTERED  METAL-LATH  FIREPROOFING.  RIALTO 
BUILDING.   SAN  FRANCISCO. 

Photograph  by  Richard  L    Humphrey 


B.     DAMAGE  SAID  TO  HAVE   BEEN   CAUSED   BY   DYNAMITE,   RIALTO  BUILDING. 
Photograph  by  John  Stephen  Sowell. 
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A.     COLLAPSE  OF  BUILDING  DUE  TO  BUCKLING  OF  COLUMNS.  SPRING  VALLEY  WATER 
COMPANY'S  BUILDING.   SAN   FRANCISCO 

Photograph  by  Richard  L.  Hurnphrey. 


n.     FAILURE   OF   TERRA-COTTA  TILE   COVERING    IN   FIRE.   UNION   TRUST   COMPANY'S 
BUILDING    SAN   FRANCISCO. 

Photograph  by  Richard  L.  Hurnphrey. 
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A.     AN  UNFINISHED  STEEL  SKELETON,  WITH  NONFIREPROOFED  STEEL  WORK. 


n.     UNPROTECTED   STEEL  FRAME   AND   GENERAL  FLIMSY  CONSTRUCTION.  COWELL   BUILDING. 

EFFECTS    OF    HEAT    ON    STEEL    WORK,    SAN    FRANCISCO. 

Photograpns  by  Richard  L.  Hurnprifey. 
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A      ENDURANCE  OF  BRICK  VAULT. 


This  vault,  which  was  m  the  original  Wells-Fargo  Building  San  Francisco,  passed  the  fire  test  satisfactorily 
although  the  building  was  connpletely  destroyed.  Note  the  defective  steel  "fireproof"  safes  near  by. 
Photograph  by  Richard  L.  Humphrey. 


n.     ABSOLUTE   FAILURE  OF  SO-CALLED   "FIREPROOF"   SAFES 

In  the  rear  are  the  Palace  Hotel  i  at  the  U.'ft )  and  tho  CmcUer  Bu'ldmg  (at  the  right i.     Photoi^raph  by 
Richard  L.  Humphrey 
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A.     EARTHQUAKE  DAMAGE  TO  BRICK  STACK  OF  STAR  SEC- 
TION, VALENCIA  STREET  POWER  STATION,  SAN  FRANCISCO. 

Showing  peculiar  crack  in  reentrant  angle.     Photograph  by  Richard 
L.  Humphrey. 


B.     GENERAL  EARTHQUAKE   EFFECT  ON   FRAME   BUILDINGS  SITUATED   ON   ALLUVIAL  SOIL, 
HOWARD   STREET,    SAN   FRANCISCO. 

Photograph  by  A.  C.  Lawson 
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